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VITAMIN E, AND CYSTINE 


WILLIAM B. DEWITT 
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Bethesda, Maryland 


The effects of malnutrition on schistosomiasis have received but little attention, 
in spite of the fact that schistosome infections occur in vast areas of the tropics and 
subtropics where malnutrition is prevalent. Experimental work by Krakower, 
Hoffman, and Axtmayer (1940) indicates that larger numbers of Schistosoma 
mansoni develop in rats maintained on vitamin A-free rations than in rats on a full 
diet. They found that in guinea pigs (1944) S. mansoni undergoes normal develop- 
ment when the host’s diet is deficient in vitamin C ; however, the eggshells produced 
are abnormal. Further experimental evidence concerning the effects of deficient 
host-diets on schistosome infections could not be found in the literature. Observa- 
tions in Africa? indicate that in some endemic areas, such as Egypt, the symptoma- 
tology of schistosomiasis is marked, while on the other hand in other areas, such 
as South and West Africa the manifestations of the disease seem to be less severe. 
It was thought that some of this difference may be due to variations in the diet of 
the populations involved. Since infection with S. mansoni primarily involves the 
liver and the intestinal tract, investigation of dietary deficiencies that result in liver 
damage may give fruitful results. The work herein reported deals with the effects 
of a diet based on dried Torula yeast, as the sole source of protein, on S. mansoni 
infections in mice. The Torula yeast diet, which is free of Factor 3 and vitamin 
E and is low in cystine, readily produces acute necrotic liver degeneration in the 
rat (Schwartz, 1951). It was found that in mice (DeWitt and Schwarz—in 
manuscript), this diet, in addition to liver necrosis, causes extensive necrotic de- 
generation of the heart, muscle, and kidneys. The multiple necrotic degeneration 
is accompanied by atrophy of the secretory portions of the pancreas, by testicular 
dystrophy, and by inhibition of growth. This deficiency disease is uniformly fatal 
with the average survival being between 65 and 70 days. All lesions are prevented 
"Received for publication August 17, 1956. 

Based on data from a thesis submitted to the Faculty of the Graduate Council of the George 
Washington University, Washington, D. C., in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 


1 Laboratory of Tropical Diseases. 
2 Unpublished field observations made by. Dr. Willard H. Wright. 
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by a Factor 3 concentrate from Brewer’s yeast. A combination of cystine and vita- 
min E is also effective. 
MATERIALS AND METHODS 


Male F1 progeny from the cross between female BALB/cAnN and male 
DBA/2JN strains of homozygous mice were weaned at 4 weeks. Starting at term, 
or when the young were 10 days old, the mothers were provided with a diet re- 
stricted in vitamin E in order to prevent storage of tocopherol in the young. The 
mice weighing between 8 and 15 g at weaning, were housed in individual wire-mesh 
bottom cages in a room with constant temperature of 23 to 25° C. Weights were 
recorded weekly. Water and diets were given ad libitum. The diets were prepared 
in dry form and fed from glass cups. 

The basal diet used for the production of the deficiency has been described 
elsewhere (Schwarz, 195la and 1951b). The main ingredients are: Torula yeast 
30, sucrose 59, vitamin E-free lard 5, salts 5, and a vitamin mixture (in lactose) 1. 
Vitamin A acetate (1 mg%) and vitamin D, (1 mg%) were added to the diet 
except for 2 groups. In some experiments Factor 3 (40 rat units %) and also 
L-cystine (0.5 mg% ) plus vitamin E as D,L-alphatocopheryl acetate (50 mg% ) 
were supplemented by admixing to the basal diet. Control mice were kept on an 
“optimal” semi-purified casein ration.* A complete autopsy was performed on the 
infected mice during the eighth week after exposure. The uninfected mice on the 
basal diet were held until death occurred. Tissues obtained at autopsy were ex- 
amined microscopically. 

The strain of S. mansoni used in these experiments was imported from Puerto 
Rico and maintained in the laboratory by alternate passage through Australorbis 
glabratus, the intermediate host, and albino mice as the definitive host. In the 


present study, mice were exposed to 150 cercariae each by the tail method (Olivier 
and Stirewalt, 1952) either on the day the mice were weaned or after they had been 
on the diet for 4 weeks. 

The mice were prepared according to several dietary schedules before they were 


infected with S. mansoni. 

Experiment A. The mothers of the mice were put on a diet low in vitamin E 
from the day the young were born until the mice were weaned at 28 days. Ninety- 
eight of the weanling male mice were divided into 2 groups. One group (50 mice) 
were fed the basal diet* and the other (48 mice) were fed the control diet for 4 
weeks, at which time 35 of the mice on the basal diet and 27 of those on the control 
diet were infected. The rest of the animals were held as uninfected controls. 

Experiment B. The mice were prepared as in experiment A except the mothers 
were not put on the vitamin E-low diet until the young were 10 days old. At the 
time of weaning the mice were divided into three groups and placed on diets as 
follows: 55 on the basal diet, 50 on the basal diet supplemented with vitamin E and 
cystine, and 40 on the control diet. On the same day the mice were placed on the 
diets, 39 mice on the basal diet, 41 mice on the supplemented basal diet, and 25 


3 Composition: “Vitamin-free” casein 30, sucrose 44.7, vegetable oil, hydrogenated (Crisco) 
17, salts 4, Wesson oil plus vitamins A and D2, Wesson oil plus vitamin E1, and a mixture 
containing all the known B vitamins plus vitamin K 1. The ration was originally designed by 
Dr. James M. Hundley and Mr. Robert S. Ing to yield optimal growth in the rat. 

4 Vitamin A and D supplements were omitted. 
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mice on the control diet were exposed to S. mansoni cercariae. 

Experiment C. The mice were prepared as in experiment A and were divided 
into 3 groups. The first group (50 mice) was placed on the basal diet,‘ the second 
group (35 mice) also on the basal diet, and the third group (47 mice) on the basal 
diet supplemented with Factor 3. After the mice were on the diets for 4 weeks, 
27 mice in the first group, 25 in the second group, and 28 in the third group were 
exposed to S. mansoni cercariae. 

Experiment D. The mothers were put on the vitamin E-low diet when the 
young were 10 days old. After weaning at 28 days the mice were divided into 2 
groups. One group (35 mice) was placed on the basal diet and the other (15 mice) 
on the control diet for 4 weeks, at which time 25 animals on the basal diet and 10 
on the control diet were exposed to S. mansoni cercariae. 

Electrophoretic studies were carried out on a Spinco model R paper electro- 
phoresis apparatus according to standard techniques. A barbiturate buffer solu- 
tion (0.1 N, pH 8.6) was used. Migration of the protein components was induced 
by a constant current of 4 milliamperes for 22 hours. The strips were stained with 
bromphenol blue and evaluated photometrically with the Analytrol, a direct scanning 
device. The serum samples were obtained from blood collected in a capillary tube 


from the incised ventral tail vein. Individual, rather than pooled samples were 
used throughout. Total serum protein concentrations were estimated spectrophoto- 
metrically (Warburg and Christian, 1942). Comparison of this technique with the 
micro-Kjeldahl technique showed it to give satisfactory results. 

Prothrombin times were determined by the Kato technique (1940) and blood 


coagulation times were estimated by the use of capillary tubes. Plasma fibrinogen 
levels were determined by an adaptation of a method given by Fister (1950). One- 
tenth ml of oxalated plasma was added to 4.0 ml of 0.85% sodium chloride solution 
in a 17x 150 mm test tube. To this was added 0.2 ml of 2.5% calcium chloride 
solution and thoroughly mixed. After the preparation was held at 37° C overnight 
to insure complete clotting, it was centrifuged at 800 g for 15 minutes. The packed 
clot was washed twice with 4 ml of 0.05% calcium chloride solution and recentri- 
fuged. Digestion of the fibrin was carried out by the standard micro-Kjeldahl 
technique and the ammonia nitrogen was determined spectrophotometrically after 
treating with Nessler’s reagent. 


RESULTS AND DISCUSSION 


It was found that the Torula yeast diet had profound effects on the course of 
S. mansoni infections in mice. The parasite did not undergo normal development 
and the host’s reaction to the parasite was found to be impaired. The effects of the 
deficient diet on the various aspects of the disease process that were evaluated 
will be considered separately. 

Food consumption and growth. Feeding ad libitum was considered to be the 
method of choice; however, it was deemed desirable to determine the rate of food 
consumption. Observations were made on animals in experiment A during the first 
10 weeks they were on the diet. The findings are summarized in Figure 1. Un- 
infected mice on the basal diet ate about 30% more food than uninfected animals on 
the control diet until the sixth week, after which their rate of consumption de- 


7 


creased progressively until by the tenth week they were eating 40% less than un- 
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infected mice on the control diet. Infected mice ate at about the same rate as unin- 
fected animals on the same diet until the last 3 weeks. During this period infected 
mice on both diets were found to consume less food than uninfected mice. The 
decline in food consumption of the infected mice occurred at the time that the 
parasite normally reaches maturity and initiates egg production. At this stage 
in the course of a normal infection, large numbers of eggs are extruded into the 
capillaries of the intestinal tract, stimulating an inflammatory response. In regard 
to mice on the basal diet, it should be pointed out that the parasite did not develop 
to sexual maturity in the deficient animals; thus, S. mansoni eggs were not pro- 
duced. The effects of the deficient Torula yeast diet on the development and sur- 
vival of S. mansoni will be presented in a separate paper. 
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Ficure 1. Comparison of food consumption of mice on the Torula yeast diet with that 
of mice on the complete control diet (experiment A). The infected mice were exposed 4 weeks 
after weaning. 


A marked difference was noted in weight gain of mice on the basal diet and 
those on the control diet, but only minor variations were found between infected 
and uninfected mice on the same ration. Figure 2 compares the growth curves 
obtained in experiment A. Similar curves were obtained in the other experiments. 
S. mansoni normally requires 5 to 6 weeks in mice to develop to maturity. Since 
the weights of the animals were followed for only 1 or 2 weeks beyond this point, the 
full impact of the infection had not been exerted on the mice. Addition of a Factor 
3 concentrate to the basal diet supported a steady growth throughout the observa- 
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tion period. A similar, but more pronounced effect was obtained with a supplement 
containing cystine plus vitamin E. 

Pathology. Infected mice maintained on the Torula yeast diet developed lesions 
due to the pathological action of the deficient diet comparable to those found in 
uninfected mice. In 4 experiments a total of 154 infected mice had the following 
incidences of necrotic lesions: heart, 89% ; liver, 57% ; muscle, 37% ; and kidney, 
46%. For 136 uninfected mice on the same rations, the comparable incidences were 
heart, 91%; liver, 54% ; muscle, 41% ; and kidney, 42%. Thus it would appear 
that infection with S. mansoni did not alter the course of the dietary necrotic de- 
generations. When the Torula yeast diet was supplemented with either a Factor 3 
concentrate or with a combination of vitamin E and cystine, infected as well as 
uninfected mice were afforded complete protection against the dietary lesions. 
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Ficure 2. Growth curves for infected and uninfected mice in experiment A. The arrow 
indicates the point at which the mice in the infected groups were exposed. 





The basal diet had a striking effect on the pathology due to the schistosome 
infection. When the animals were allowed to become sufficiently depleted before 
exposure, as in experiment A, none of the cercariae developed into sexually mature 
adult worms during the 51-day observation period following exposure. Thus the 
underdeveloped, sexually immature worms were not capable of producing eggs, 
which in the normal infection are the major cause of pathology. If the animals 
were infected with S. mansoni before they became deficient, as in experiment B, 
some of the worms were able to develop to apparent sexual maturity ; however, they 
did not attain full adult size. The mice harboring these worms presented a picture 
at autopsy that was characteristic for the deficiency disease, and in addition there 
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were mild histological changes due to the presence of small numbers of parasite eggs 
in the liver and in the walls of the intestinal tract. The impression was obtained 
from microscopic examinations that the inflammatory reaction to the trapped eggs 
did not result in the development of well organized tuberculoid foci, and that the 
Kupffer’s cells in the liver contained little or no schistosomal pigment. It appeared 
that the prevailing pathology was due to the deficiency disease and that the lesions 
due to the schistosome infection were relatively minor. Photomicrographs of sec- 
tions prepared from infected mice on the various rations are shown in Figures 3 to 6. 

The gross and microscopic findings on infected mice maintained on the basal 
diet supplemented with Factor 3 or with vitamin E plus cystine were in no way 
different from those in infected mice receiving the control diet. 

Serum proteins. The distribution of the serum protein components of blood 
serum of mice infected for 50 to 55 days is compared with the results from unin- 
fected control animals in Table I. Patterns obtained from infected mice main- 
tained on the control diet revealed that there was an increase in the total protein 
which primarily reflected an increase in the globulin components. The greatest 
change was in the gamma globulin which rose from 0.4 g % to 1.5 g %. Altera- 
tions in the albumin and globulin levels produced an A/G ratio of 0.7 as compared 
with 1.5 for uninfected mice. 

For mice on the basal diet, infection with S. mansoni produced little or no 
change in the concentration or the relative distribution of serum proteins. On the 
other hand, the effect of the basal diet itself on the serum proteins was marked. 
The albumin level dropped from 59.3+0.45% to 53.4+0.36% and the gamma 
globulin from 7.0+ 0.24% to 3.8+0.19%. The alpha and beta globulins, on the 
other hand, increased ; the former from 16.2 + 0.26% to 18.8 + 0.25% and the latter 
from 17.5 + 0.43% to 24.0+ 0.36%. The total protein level was found to be lowered 
from a mean of 5.74+0.19% to 4.940.11%. The A/G ratio dropped from 
1.5+0.01 to 1.1+0.09. When the relative concentrations of the serum proteins 
are converted to absolute values it is seen that the basal diet produced the following 
alterations: Total protein decreased 14%, albumin decreased 23%, beta globulin 
increased 20%, gamma globulin decreased 50%, and A/G ratio decreased 26%. 

The serum protein patterns of infected and uninfected mice on the basal diet 
supplemented with either Factor 3 or with vitamin E plus cystine were found to 
be essentially the same as those of infected and uninfected mice on the complete 
control diet. 

It may be speculated that in mice on the basal diet, the lack of alteration in the 
serum proteins as a result of the schistosome infection was due to the inability of 
the deficient mice to respond to the infection. As another possibility, perhaps the 
stimulus produced by the. under-developed worms was not sufficient to elicit a 
response. 

The finding that alteration in mouse serum proteins is produced by the basal 
diet suggested that fibrinogen levels may also be affected. A series of blood plasma 


samples from mice maintained on the basal diet for 68 days were subjected to elec- 
trophoresis along with samples from control animals. It was found that the 
fibrinogen component did not appear as a separate peak in the pattern. Therefore, 
the fibrinogen levels could not be determined by the electrophoretic method em- 


ployed. Further investigation of a preliminary nature indicated that the coagula- 
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tion time of blood from the deficient animals was extended. Based on this finding 
and also on the fact that blood coagulation is delayed in mice by S. mansoni infec- 
tions (unpublished results) it was decided to investigate further the effects of the 
deficient diet on the blood coagulating mechanism of the mouse. 


TABLE I— Comparison of serum protein levels of infected* and uninfected 
mice maintained on the four different diets 





Number Total Globulins in Percent 


Group of Protein Albumin 
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*Mice infected 50 to 55 days. 
t Standard errors of the means are shown in parentheses. 
+ Absolute values of serum protein components expressed in g%. 


Blood coagulation. Coagulation of blood from mice on the basal diet was found 
to be retarded. The average coagulation time obtained from 35 uninfected mice on 
the basal diet for 55 to 70 days was 5.5+0.11 minutes and for 25 mice on the con- 
trol diet for the same period 2.7 +0.06 minutes. Twenty-five mice on the basal 
diet for 55-70 days and infected for 40-55 days had an average coagulation time 
of 5.9 + 0.32 minutes, while 22 infected animals on the control diet had a coagulation 
time of 5.2+0.26 minutes. Thus, under the conditions of these experiments, S. 
mansoni infections produced an increase in coagulation time in animals on the con- 
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trol diet, but did not further alter the coagulation times of animals on the basal diet. 

Prothrombin times and fibrinogen levels were determined on the same mice 
used for the coagulation study. The results of these determinations are shown in 
Table II. Fibrinogen levels in mice on the basal diet were considerably lower than 


TABLE II — Comparison of prothrombin times and 
fibrinogen levels of infected and uninfected mice 
on the basal and control diets 





Prothrombin 
Time 
(seconds) 


Number Fibrinogen 


Diet * Group of Mice (g%) 





Infected! 15 0.319 19.8 
(0.011) (1.9) 


Uninfected 15 0.330 12.1 
(0.007) (0.4) 


Control 








Infected t 12 0.182 29.7 
(0.018) (3.3) 





Uninfected 15 0.193 26.4 
(0.012) (2.3) 





*The mice were on the diets for 70 days. 
t Infected for 41 days. 


those in mice on the control diet; however, no significant difference was noted 
between infected and uninfected mice on either ration. The prothrombin times ob- 
tained from mice in the various groups indicate that deficiencies of the basal diet 
increase the prothrombin time and that infection with S. mansoni also produces an 
increase in prothrombin time in mice on the control diet. However, the schistosome 
infection does not further alter the already abnormal prothrombin time in mice 
maintained on the basal diet. 
SUMMARY 

The effects of a Torula yeast diet deficient in Factor 3, vitamin E, and cystine 
on experimental Schistosoma mansoni infections in mice are described. The Tortula 
yeast ration, which in mice produces multiple dietary necrotic degeneration involving 
the heart, liver, muscle, and kidneys, had a profound influence of the course of the 
schistosome infection. It was found that in the deficient host the parasite did not 
attain normal adult size and with the exception of a very few specimens the worms 
did not reach sexual maturity. Thus the under-developed worms did not produce 
eggs, which in the normal infection are the major cause of pathology. 

Electrophoretic studies on serum proteins revealed that the Torula yeast diet 
produced alterations in the concentrations of the various components. When un- 
infected mice on the Torula yeast diet for 68 days were compared with mice on a 
complete diet, the former showed 14% decrease in total protein, 23% decrease in 
albumin, 20% increase in beta globulin, 50% decrease in gamma globulin, and 26% 
decrease in A/G ratio. The alpha globulin level remained unaltered. S. mansoni 
infections in these deficient animals produced little or no further alteration in the 
serum protein levels. In mice fed a full diet, S. mansoni infections resulted in 
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marked changes in serum proteins. There was an increase in total protein which 
reflected an increase in the globulin components. The greatest change was in the 
gamma globulin which rose from 0.4 g% to 1.5g%. The A/G ratio of the infected 
mice averaged 0.7 as compared with 1.5 for uninfected controls. The failure of 
S. mansoni to produce alterations in serum protein levels of the deficient animals 
was probably due either to the incapacity of the deficient animals to respond to the 
infection or to the inability of the stimuli produced by the under-developed worms 
to elicit a response. 

The deficient diet affected the blood-coagulating mechanism of the mouse. Co- 
agulation time was increased from a normal 2.7 minutes to 5.5 minutes, prothrombin 
time was increased from 12.1 to 26.4 seconds, and the fibrinogen level fell from 
0.330 g% to 0.193 g%. S. mansoni infections in the deficient animals did not 
further alter these defects. 

Supplementation of the Torula yeast diet with either a Factor 3 concentrate or 
with a combination of vitamin E and cystine gave results that were comparable to 
those obtained with mice maintained on a full diet. 
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EXPLANATION OF PLATE 


Fic. 3. Stunted sexually immature S. mansoni in liver of a mouse maintained on the Torula 
yeast diet (X87). 

Fic. 4. Liver of infected mouse on the Torula yeast diet showing dietary necrotic degen- 
eration (x20). An occasional pseudotubercle formed around S. mansoni egg may be seen. 

Fic. 5. Liver of infected mouse maintained on the Torula yeast diet supplemented with 
Factor 3. Two well-developed pseudotubercles may be seen. 

Fic. 6. Liver of infected mouse on the full diet showing typical pseudotubercles formed 
around S. mansoni eggs. 
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EXPERIMENTAL SCHISTOSOMIASIS MANSONI IN MICE MAIN- 
TAINED ON NUTRITIONALLY DEFICIENT DIETS. II. SUR- 
VIVAL AND DEVELOPMENT OF SCHISTOSOMA MANSONI 
IN MICE MAINTAINED ON A TORULA YEAST DIET DEFI- 
CIENT IN FACTOR 3, VITAMIN E, AND CYSTINE. 


WitiiAm B. DEWITT 


U. S. Department of Health, Education, and Welfare, Public Health Service 
National Institutes of Health 
National Institute of Allergy and Infectious Diseases! 
Bethesda 14, Maryland 


In the first of a series of papers on the nutritional aspects of schistosomiasis 
(DeWitt, 1956) the effects of a Torula yeast diet, deficient in Factor 3, vitamin E, 
and cystine, on the course of S. mansoni infections in mice were presented. The 
present paper deals with the effects of the Torula yeast diet, herein referred to as 
the basal diet, on the survival and development of the parasite. The control diet, 
described in detail in the earlier paper, was one of “optimal” ingredients. 


EX PERIMENTAL 


The general experimental procedures have already been described (DeWitt, 
1956). The mice received a uniform exposure of 150 cercariae each, either on the 
day the animals were weaned and started on the diet, or after they had been on the 
diet for 4 weeks. The mice were sacrificed during the eighth week after exposure 
and the worms were recovered from the liver and from the portal and mesenteric 
veins by a perfusion technique based on the method of Yolles et al (1947). The 
worms were examined and counted under the dissecting microscope in the fresh 
state, then fixed in 10% buffered formalin for 24 hours and stored in 70% alcohol. 

For microscopic study, the worms were stained in aqueous alum cochineal 
stain, dehydrated and mounted in Permount. Measurements were made on the 
mounted worms with a calibrated ocular micrometer. 


RESULTS 


Survival. Since the mice on the various rations were exposed to a standard 
infection and the worms were recovered during the eighth week after exposure a 
comparison of the number of worms recovered indicates the effects of the host- 
diets on the ability of S. mansoni to penetrate and become established in the mice. 
The results of 4 experiments are shown in Table I. For mice on the basal diet, 
an average was obtained of 38.3+ 1.9 worms per mouse, compared with an average 
of 22.7 41.1 worms recovered per mouse on the control diet. Thus, on the aver- 
age, the mice receiving the basal diet harbored 15.6 or 69% more worms at the 
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time of autopsy than the mice on the control diet. The survival of parasites in 
the mice on the basal diet supplemented with either Factor 3, or with cystine 
plus vitamin E, was not statistically different from the survival in mice on the com- 
plete control ration. The average worm recovery from mice on the basal diet in 
experiment B was essentially the same as that obtained from mice on the basal 
diet in the other experiments, in spite of the fact that the mice in experiment B 
were exposed on the day they were started on the deficient diet, whereas, the mice 
in experiment A, C, and D were held on the deficient diet for 4 weeks before they 
were infected. 


TABLE I— Comparison of the number of worms recovered from mice * 





Experi- t Number of Average Average Average 
Diet a Animola Number of Number of Total 
Examined Male Female Number of 
Worms/Mouse Worms/Mouse Worms/Mouse 





15 15.8 22.6 
23 22.2 16.8 
Basal 18 15.9 28.2 
(Torula yeast) 21 12.6 22.0 
19 17.8 18.4 


Average § 96 17.2 21.1 








Basal plus ¢ 
Cystine and 15.7 12.3 
Vitamin E 





Basal plus ** 8.6 16.3 ‘ 2.4 
Factor 3 





22 10.3 10.7 21.0 + 1.6 
Control 16 14.1 13.8 27.9 + 2.2 
10 7.6 10.6 18.2 + 1.9 


Average § = 48 11.0 11.7 22.7+ 1.1 








*Worms were perfused from mice during the 8th week of infection. 

T'The mice in experiments A, C, and D were held on the experimental diets for 
4 weeks before being infected. The mice in experiment B were infected on the 
same day they were placed on the diets. 

+ Vitamin A and D supplement omitted. 

§ Weighted. 


90.5% L-cystine and 50 mg% D, L-alpha-tocopheryl acetate. 


** Factor 3 concentrate prepared from an enzymatic digest of brewer’s yeast, 
equivalent to 40 units (Schwarz, 1952) of Factor 3 per 100 g of diet. 


Development. Examination of the worms recovered during the eighth week 
after exposure revealed that the basal diet affected the development of the parasite 
in the definitive host in several ways. Somatic development was found to be 
markedly suppressed and only a few worms attained sexual maturity (See Figures 
1 to 6). 

Measurements of female worms recovered from mice in each of the experimental 
groups are shown in Table II. The worms measured were chosen at random from 
a large pool of specimens that were found to be in copula when they were perfused 
from the host. The female worms in 5 experiments with the basal diet averaged 
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5.6 mm in length while those in 3 experiments with the control diet averaged 8.5 
mm. The length of the worms anterior to the center of the ovary was 1.9 mm for 
the control worms and 1.7 mm, or about 10% less, for worms recovered from mice 
on the basal diet. The length posterior to the center of the ovary was 6.6 mm for con- 
trol-diet worms and 3.9 mm for basal-diet worms, which was a difference of 41%. 
It may be seen, then, that the development of the region posterior to the ovary was 
more severely inhibited than that anterior to the ovary. The posterior region of 
the female worm is mainly occupied by the vitellaria. 


TABLE II — Measurements of female worms in millimeters 





_ Number Length Ratio Width Width at 
Diet Experi- of Worms Ant. at Widest 
ment Measured Ant.* Post.t Total Post. Ovary Point 








Control A 60 7 oe ao? oe oe .167 
(.04)§ (.07) (.08) (.01) (.005) (.002) 

B 60 1.9 : ; 29 .129 =. 166 

(04) ¢. ; (.01) (.003) (.003) 

D 60 1.9 . : S- 1m «14 

(03)  ¢. ‘ (.01) (.004) (.003) 





Average 180 1.9 E , ao 9B) .169 





Basal 60 1.7 52 .094 .096 
(.04) (.03) (.004)  (.003) 

(Torula yeast) 60 1.7 a a. 
(.06) (.04) (.003)  (.002) 

60 1.8 ; .109 127 

(.05) ; (.004)  (.003) 

60 1.8 ; 112 © -.123 

(.06) (.005)  (.003) 

60 1.7 101.126 

(.04) .04) (.003) (.004) 





Average p BY " F , .106 .119 





Basal plus** ‘ 128 
Cystine and : (.003) 
Vitamin E 





Basal plus!t C 60 2 6.8 8:7, . 96. ..195 
Factor 3 ‘ (.05) (.08) (.02) (.004) 





* Anterior of the center of the ovary. 
t Posterior of the center of the ovary. 
+ Length of ovary in mm times its greatest diameter in mm multiplied by 1,000. 
8 Standard errors of the means are shown in parentheses. 
* Vitamin A and D supplement omitted. 
** 0.5% L—cystine and 50 mg% D, L-alpha-tocopheryl acetate. 


tt Factor 3 concentrate prepared from an enzymatic digest of brewer’s yeast, 
equivalent to 40 units (Schwarz, 1952) of Factor 3 per 100 g of diet. 


The ovaries of female worms from mice on the basal diet were found to be much 
smaller than those of female worms from mice on the control diet. An index was 
used to designate the size of the ovaries.? The average ovary index obtained from 
control diet worms was 21.7 while that of the basal diet worms was 8.1. This rep- 


2 Ovary index=length (mm) xX diameter (mm) X 1,000 
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resents a 63% difference. Microscopic examination of the female worms from ani- 
mals on the basal diet indicated that less than 1% contained eggs in their uterine 
canals, whereas in practically all of the mated female worms from mice on the con- 
trol diet, a single egg could be seen in the uterine canal. The few eggs observed 
in utero in basal diet worms appeared to be normal in size, but the contents of the 
eggs appeared abnormal being granular and darkly pigmented (Figure 4). 

The growth and development of female worms from mice on the basal diet sup- 
plemented with either Factor 3 or with vitamin E plus cystine was essentially as 
good as that of female worms from mice on the control diet. The slight difference 
observed was certainly within the limits of normal biological variation. 

The only measurements made on male worms was total length. The results are 
summarized in Table III. The mean length of worms from animals on the basal 


TABLE UI— Length of male worms in millimeters 





Experi- Number of 
Diet ment Worms Mean Length 
Measured 





Control 60 
60 
60 


+ i+ I+ 





Total 


Basal 





(Torula yeast) 


i+ + + 1+ I+ 


coo90 
—m DO we dO 





6 
6. 
6 
6. 
3 
4 
4 
4 
4 
4 


olooHeHoldy lbw 


Total 





Basal plus 
Cystine and 
Vitamin E 


for) 
to 





Basal plus 


Factor 3 Cc 60 6.3 + 





* Vitamin A and D supplement omitted. 


diet was 4.0 mm as compared to 6.2 mm for those from control animals. Like the 
ovaries of the females, the testes of the males were under-developed. When the 
basal diet was supplemented with Factor 3 or with cy stine plus vitamin E, the growth 
and sexual development of male worms appeared to be normal. 
DISCUSSION 

The basal diet used in this study had a profound influence on the survival and 
development of S. mansoni in mice. It would appear that the deficient diet dimin- 
ished the natural resistance of the host so that a higher percentage of the cercariae 
were able to penetrate and migrate to, and survive in the portal blood vessels of 
the host. The deficient diet, however, created an unfavorable in vivo cultural en- 
vironment so that the parasite was unable to develop normally. Thus, the diet ap- 
pears to favor the parasite by lowering the natural resistance of the host, and at 
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the same time to affect it adversely by interfering with its nutritional support. It 
is not possible to conclude from the results of these experiments whether the in- 
fluence of the deficient diet on the development of the parasite is a direct nutritional 
effect or whether it is a secondary effect related to the development of the deficiency 
syndrome in the host. 

The basal diet used in this study was deficient in 3 components; vitamin E, 
Factor 3, and cystine. When the diet was supplemented with Factor 3 alone or 
with cystine and vitamin E in combination, the growth and development of the 
worms proceeded normally. Also, based on the number of worms recovered at 
autopsy, these supplements when added to the deficient diet supported the same 
level of susceptibility that was found in mice on the complete diet. 


SUMMARY 


The Torula yeast diet had a profound influence on the survival and development 
of S. mansoni in mice. Based on the number of worms recovered from the mice dur- 
ing the eighth week after exposure to a standard infection, the mice on the Torula 
yeast diet harbored 69% more worms than the mice on the complete control diet. 
Supplementation of the Torula yeast diet with either Factor 3 or with a combina- 
tion of vitamin E and cystine gave results comparable to those obtained with the 
control diet. Thus, the deficient diet tended to diminish the natural resistance of 
the host. 

Microscopic examination of the worms recovered from mice on the Torula 
yeast diet revealed that somatic development was markedly impaired and that most 
of the worms did not attain sexual maturity. It was found that in female worms 
the length of the worm posterior to the ovary was more severely affected than that 
anterior. Eggs found in utero in the few sexually mature female worms recovered 
from mice on the Torula yeast diet were darkly pigmented and highly granular, 
indicating that the eggs were not normal. Examination of male worms from the 
deficient mice showed them to be as severely stunted as the female worms. This 
evidence appears to indicate that the Torula yeast ration produces an unfavorable 
in vivo cultural environment for the parasite. 
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EXPLANATION OF PLATE 


Fic. 1. Pair of S. mansoni from a mouse maintained on the Torula yeast diet (X24). 
These stunted worms are sexually immature. 

Fic. 2. Pair of S. mansoni from a mouse maintained on the complete ration (X24). These 
worms are fully mature. 

Fic. 3. Pair of S. mansoni from a mouse maintained on the Torula yeast diet (X24). 
These worms are apparently sexually mature but are less than normal in size. 

Fic. 4. S. mansoni from mouse on the Torula yeast diet, with egg in utero (X285). Note 
the abnormal heavy granular pigmentation. 

Fic. 5. Section of a pair of S. mansoni from a mouse on the Torula yeast diet (X183). 
Compare with section of normal worm in Fig. 6. 

Fic. 6. Section of a pair of normal adult worms from a mouse on the complete diet (X183). 





RESEARCH NOTES 


STUDIES ON THE BIOLOGICAL CONTROL OF SCHISTOSOME-BEARING 
SNAILS V. THE contROL oF Biomphalaria pfeifferi POPULATIONS BY THE SNAIL, 
Marisa cornuarietis, UNDER LABORATORY CONDITIONS 


In an earlier paper Chernin et al (1956 Am. J. Trop. Med. Hyg. 5: 297-307) reported re- 
sults of experiments on the biological control of Australorbis glabratus by the snail Marisa 
cornuarietis. The favorable results obtained from these experiments prompted ts to extend ‘our 
observations to an African snail vector of schistosomiasis, Biomphalaria pfeifferi. 

The design of the present experiment was essentially the same as described for “Experi- 
ment 3” of our previous study. It differed from the earlier experiment in that the time period 
was extended from 5 to 8 weeks, the group of 3 Marisa and 50 vector snails was omitted, and 
the vector snail was B. pfeifferi. Biomphalaria used in the experiment were obtained from a 
stock colony of laboratory-reared snails supplied by Dr. Willard H. Wright of the National 
Institutes of Health, Bethesda, Maryland. The behavior of B. pfeifferi in an aquarium is 
strikingly similar to that of Australorbis glabratus. It feeds avidly upon watercress, which also 
serves as its primary egg-laying site. 

M. cornuarietis was effective in limiting the growth of B. pfeifferi populations under labo- 
ratory conditions. 

In the present experiment the Biomphalaria population in the control aquarium showed a 
26.7 fold increase while populations in aquaria containing Marisa failed to increase or showed 
only negligible increase in the same time period. The factors for population increase of Biom- 
phalaria in the 3 experimental aquaria were 1.1, 0.0, and 1.4 respectively. Marisa exercised 
control by devouring egg masses and young Biomphalaria while browsing. Adult Marisa do 
not destroy their own egg masses or young. Numerous Marisa egg masses were laid, but were 
removed so that the predator population would remain constant. Whereas Marisa has been 
observed to exercise some control on A. glabratus under field conditions (Oliver-Gonzalez et al., 
1956, Amer. Jour. Trop. Med. and Hyg. 5: 290-296), it is not possible to predict similar results 
with naturally occurring B. pfeifferi populations only on the basis of our observations in the 
laboratory—Epwarp H. MICHELSON AND Donatp L. AuGustint, Department of Tropical Pub- 
lic Health, Harvard School of Public Health, Boston, Massachusetts. [This investigation was 
supported (in part) by a research grant (E-513-C) from the National Institute of Allergy 
and Infectious Diseases, National Institutes of Health, Public Health Service.] 





AN ANALYSIS OF THE TREMATODE GENUS ALLOCREADIUM 
LOOSS WITH THE DESCRIPTION OF ALLOCREADIUM 
NEOTENICUM SP. NOV. FROM WATER BEETLES*:** 


L. E. PETERS 
Biology Annex, Purdue University, Lafayette, Indiana 


A major problem in the systematics of the Digenea concerns relationships among 
genera that have at one time or another been placed in the family Allocreadiidae. 
Cable (1956), reviewing this problem in detail, pointed out that if these genera con- 
stitute a natural group, the cercariae have undergone considerable divergence, 
whereas if the complex is polyphyletic, the adult stages have experienced conver- 
gence, in either case to a degree not approached in other groups as well known as 
the allocreadioids. 

Even within the genus Allocreadium 2 cercarial types have been reported, an 
ophthalmoxiphidiocercaria from sphaeriid clams by Looss (1894) and Dollfus 
(1949) for A. isoporum, and a cercaria of the lepocreadiid type from prosobranch 
snails by Seitner (1951) for A. ictaluri. Because Allocreadium is the type genus 
of its family, a critical analysis of its features is an essential step toward the solu- 
tion of the allocreadioid problem. Such a review was prompted by studies on a spe- 
cies of Allocreadium which attains full sexual maturity in water beetles. More- 
over, this form has a well developed stylet and intact eyespots, apparently retained 
from the cercarial stage (Peters, 1955). The name Allocreadium neotenicum sp. 
nov. is proposed for it. Crawford (1940) reported Allocreadium sp. from water 
beetles in Colorado but did not describe his specimens sufficiently to name them. 

Material was obtained near Douglas Lake, Michigan, and was studied alive 
or was fixed with no pressure in 60-65° C Gilson’s fluid. Semichon’s carmine was 
used to stain whole mounts and Harris’s haematoxylin for both whole mounts and 
sectioned material. All measurements are in millimeters, based on whole mounts 
of 24 egg-bearing specimens. 


Allocreadium neotenicum sp. nov. (Figs. 1-5) 


Description: With characters of the genus, as emended below. Active though weakly muscular. 
Body oval with posterior indentation at excretory pore, 1.55-4.24 long and 0.91-2.44 in maximum 
width at level of testes (Fully mature adults with many eggs measure at least 2.54 x 1.30.). 
Eyespots dorsal, near posterior edge of oral sucker; stylet in oral sucker 0.023-0.026 long and 
0.008 wide (Fig. 1). Suckers usually wider than long; oral sucker subterminal, 0.16-0.36 in 
diameter ; ventral sucker well within anterior fourth of body, 0.21-0.43 in diameter. Prephar- 
ynx evident only in sections; pharynx spherical, immediately posterodorsal to oral sucker, 0.09- 
0.14 in diameter ; esophagus up to 0.29 in length, bifurcates dorsal to ventral sucker; ceca dor- 
sal, terminate immediately behind testes, well before reaching end of body. Excretory bladder 
terminates anteriorly dorsal to anterior testis; wall of bladder with a layer of rounded cells 
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on parenchymal side and numerous granular cells, some large and multinucleate, projecting into 
lumen, with thin basement membrane between (Fig. 4) ; main excretory tubules ciliated where 
they project into anterior part of bladder, extend antero-laterad to level of ovary, becoming 
especially convoluted before receiving the anterior and posterior secondary tubules without first 
forming loop in forebody ; branching of capillaries in flame cell groups is irregular; the maxi- 
mum number of flame cells is expressed in the formula 2[(4+5+5)+(6+5+5)] (Fig. 3). 
Genital pore about midway between pharynx and ventral sucker. Testes close together, tandem 
to slightly diagonal, oval to spherical or somewhat irregular in outline, ventral in approximately 
middle third of body; anterior testis 0.33-0.89 long and 0.36-0.96 wide, posterior one 0.41—1.09 
long and 0.31-0.98 wide; vasa efferentia from anterior margins of testes lie close to ventral sur- 
face of ceca and converge to enter cirrus sac, independently or after forming short vas deferens ; 
cirrus sac submedian, between pharynx and posterior margin of ventral sucker, 0.23-0.43 long 
and 0.13-0.26 wide; seminal vesicle sinuous; pars prostatica tubular and moderately well devel- 
oped ; prostate cells numerous and prominent. Ovary dorsal, median or submedian, overlapping 
or immediately posterior to ventral sucker, round to oval or somewhat angular, 0.25-0.47 long 
and 0.24-0.43 wide; oviduct extends posteriad a short distance and receives laterally the com- 
mon duct of seminal receptacle and Laurer’s canal; seminal receptacle posterior and slightly 
ventral to ovary, pyriform, highly variable in size; Laurer’s canal sinuous, opens dorsal to pos- 
terior part of ovary; beyond junction with Laurer’s canal, oviduct extends transversely, receives 
vitelline reservoir duct on its posterior side and then joins o6type, surrounded by very prominent 
Mehlis’s gland (Fig. 5); from odtype, uterus loops a few times between ventral sucker and 
anterior testis, may overlap its anterior third, then extends to genital pore as metraterm with 
undeveloped eggs in single row; eggs with small antopercular knob, shell thin and light yellow, 
living eggs 0.079-0.099 x 0.051-0.063, fixed eggs 0.074-0.091 = 0.045-0.055; vitellaria not espe- 
cially abundant, from ventral sucker to post-testicular space, where follicles converge ventral 
to excretory bladder at appreciable distance from end of body; ductules on each side join to 
form vitelline ducts, the right and left ones uniting medially to form vitelline reservoir. Am- 
phitypy observed: cirrus sac, posterior testis and posterior vas efferens on left and metraterm 
and anterior testis on right in 12 specimens, the reverse condition in 7. 

Host and incidence: In haemocoel of the dytiscid beetles, Acilins semisulcatus (33 of 127 speci- 
mens infected), Dytiscus sp. (1 of 2), and Agabus sp. (3 of 36). 

Type Locality: Forest pools and bogs near Douglas Lake, Michigan. 

Type specimens: U. S. National Museum Helm. Coll. No. 38170. 

Differential diagnosis: Allocreadium. Ventral sucker larger than oral sucker, well within an- 
terior fourth of body. Vitellaria not in forebody. Excretory bladder reaches and overlaps 
anterior testis. 


A. neotenicum most closely resembles A. lobatum, but is distinguished from it 


in the following key. 


Key To NortH AMERICAN SPECIES OF Allocreadium 


Vitellaria extend well anterior to ventral sucker 
Vitellaria not in forebody J; 
Vitellaria confluent in forebody; intestinal ceca extend posterior to testes A. ictaluri. 
Vitellaria not confluent in forebody ; ceca terminate near anterior level of posterior testis 
A. pseudotritoni. 
Suckers nearly equal; testes usually lobate; excretory bladder does not reach anterior testis 
and has smooth lumen A. lobatum. 
Ventral sucker larger than oral sucker ; testes smooth or somewhat irregular but not lobed; 
excretory bladder slightly overlaps anterior testis and has large cells projecting into lumen 
A. neotenicum 


REVIEW OF THE GENUS Allocreadium 
Since Allocreadium was erected by Looss (1899, 1900), many species have 
been assigned to the genus and several have been removed. Thus, Seitner (1951) 
listed 23 remaining species but expressed doubt that all properly belong there. Ac- 
tually, both Odhner (1928) and Dollfus (1937) had already removed A. annandalei 
Southwell, 1913, to the Azygiidae. Seitner did not dispose of A. characis nor men- 
tion A. wallini, A. chuscot, or A. striatum. Recently added to the genus are A. 
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dogieli and A. markewitschi (both characterized by Markevich, 1951), A. nema- 
chilus, and A. thapari. 

Although the general trend has been to restrict Allocreadium to fewer and fewer 
species, Yamaguti (1953) has made it more inclusive by reducing Cainocreadium, 
Peracreadium, and Lepidauchen to the rank of subgenera in Allocreadium. Spe- 
cies thereby added to the genus are rejected by the author, thus leaving, in addition 
to A. neotenicum, the following 30 species for further evaluation: A. asymphylo- 
porum Stossich, 1900; A. boleosomi Pearse, 1924; A. characis (Stossich, 1886) ; 
A. chuscoi Pearse, 1920; A. dogieli Koval, 1950; A. dubium Stossich, 1905; A. 
fowleri Leiper et Atkinson, 1914; A. handiai Pande, 1937; A. hasu Ozaki, 1926; 
A. ictaluri Pearse, 1924; A. isoporum (Looss, 1894) ; A. japonicum Ozaki, 1926; 
A. kosia Pande, 1938a; A. lobatum Wallin, 1909; A. mahaseri Pande, 1938b; A. 
markewitschi Koval, 1949; A. mormyri (Stossich, 1885); A. nemachilus Kaw, 
1950; A. nicolli Pande, 1938a; A. obovatwm (Molin, 1858) ; A. oncorhynchi Eguchi, 
1931; A. pallens (Rudolphi, 1819); A. polymorphum Layman, 1933; A. pseudo- 
tritoni Rankin, 1937 ; A. schizothoracis Pande, 1938b; A. striatum Dinulescu, 1941; 
A. thapari Gupta, 1950; A. transversale (Rudolphi, 1802) ; A. umbrinae (Stossich, 
1885) ; and A. wallini Pearse, 1920. 

First, however, the limits of the genus Allocreadium must be established more 
precisely than has been attempted heretofore. Although the type species, 4. iso- 
porum, was very well described by Looss (1894), existing generic diagnoses are 
too broad and do not consider life history studies and detailed morphology. Im- 
portant among the diagnostic characters of Allocreadium is the excretory pattern. 
In A. isoporum the formula is 2[(4+4+4) + (4+4+4)] and Seitner (1951) de- 


scribed for A. ictalurt a similar pattern but with many more flame cells per group. 
A. neotenicum is intermediate in the number of flame cells. Thus it is evident that 


species properly belonging in Allocreadium have an excretory formula of 2[(n+n+ 
n)+(n+n+n)]. Although many other trematodes have the same basic formula, 
they may differ from Allocreadium in other features of the system. In fact, the 
flame cell pattern in Allocreadium reflects the generalized morphology of the genus. 
On the other hand, in the opecoetid genera Plagioporus and Podocotyle, whose spe- 
cies are sometimes confused with those of Allocreadium, the flame cell formula, 
where known, is always 2[(n+n)+(n+n)]. 

Looss (1894) described eyespot pigment scattered in the forebody of A. iso- 
porum, thereby demonstrating that the cercaria is ocellate. Thus, valid species 
of Allocreadium should have biocellate cercariae, whereas opecoelids are known to 
have larvae lacking eyespots. Hence a careful search for eyespot pigment was 
made in all specimens available. Such pigment may be very diffuse, but if present, 
it can be recognized in whole mounts. As expected, it was found that in certain 
species the pigment had been overlooked or dismissed as artifacts, whereas in others 
its absence was correlated with certain other characters in excluding species from 
the genus. 

In A. itsoporum and in all available type material of valid species in Allocreadium, 
the cuticle is unarmed, as is true of very similar trematodes such as the opecoelids, 
which are excluded from Allocreadium for other reasons. Because spines can be- 
come lost, their absence is not indicative one way or the other, but species either 
described as spinose or found to have them in type specimens must be excluded 
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from Allocreadium and may be lepocreadiids, many of which bear spines. 

Although the position of the genital pore may be highly variable in a family 
of digenetic trematodes, it should be fairly constant within a genus. Thus, in valid 
species of Allocreadium, the genital pore is always median or but slightly submedian, 
between the pharyngeal level and the ventral sucker. This location is in contrast 
to that of many opecoelid and lepocreadiid genera, in which the pore is laterally 
displaced. 

Certain other features are helpful in determining species properly belonging to 
Allocreadium. The cirrus sac is rather short and broad and contains an unspined 
cirrus and a large, unipartite, more or less coiled seminal vesicle; the ovary is 
round or oval, never lobate. Opecoelids often have an elongate cirrus sac and/or 
a lobed ovary, whereas lepocreadiids may have a spiny cirrus and if a cirrus sac 
is present, the seminal vesicle is usually bipartite with the posterior portion often 
external to the sac. Furthermore, in Allocreadium the ventral sucker is never pro- 


truding or enormously developed, as is common in many opecoelids. 


In the light of the foregoing discussion, the following emended diagnosis is pro- 
posed : 


Allocreadium Looss, 1900, char. emend. 
(Syn., Creadium Looss, 1899) 


Diagnosis: Distomes oval to elongate in outline, ends rounded or bluntly pointed, cuticle aspinose. 
Forebody with scattered eyespot pigment, rarely with virtually intact eyespots. Oral sucker 
terminal or subterminal; ventral sucker pre-equatorial, often larger than oral sucker but with 
a diameter much less than width of body, and never protruding or pedunculate. Prepharynx 
short or absent, pharynx well developed; esophagus from shorter than to several times length 
of pharynx; intestinal bifurcation anterior or dorsal to ventral sucker, ceca simple, extending 
at least to posterior testis and usually beyond. Excretory bladder elongate sac-shaped, or occa- 
sionally subspherical, not extending anterior to testes; excretory pore terminal or slightly dor- 
sal at posterior end of body; main tubules extend anteriad from bladder a variable distance and 
each receives an anterior and a posterior secondary tubule, either with or without first forming 
a recurrent loop in forebody ; each secondary tubule receives capillaries from 3 flame cell groups, 
resulting in the formula 2[(n+n+n)+(n+nt+n)]. Genital pore ventral, median or slightly 
submedian, between pharynx and ventral sucker. Testes 2, in hindbody, spherical to oval, smooth 
or lobed, tandem to slightly diagonal; cirrus sac well developed, broad and rather short, rarely 
extends posterior to ventral sucker; seminal vesicle within cirrus sac, unipartite, more or less 
coiled. Ovary median or submedian, between levels of ventral sucker and anterior testis, some- 
times overlapping posterior border of the sucker, round or oval, never lobate; seminal recep- 
tacle variable in size, posterior or lateral to ovary, with a short duct entering: Laurer’s canal 
at a distance from union with oviduct. Vitellaria with follicles in lateral fields beginning at 
levels varying from ovary to near oral sucker and extending posteriad to or near end of body; 
rarely confluent in forebody, always meet in post-testicular space. Uterus not extensive, mostly 
pretesticular, sometimes overlapping anterior testis or sending a loop further posteriad. Eggs 
few to moderate in number, relatively large, operculate, hatch in open. Adults so far as known 
in fresh-water hosts, usually fish, rarely urodeles, or developing precociously in aquatic beetles. 
Type species: A. isoporum (Looss, 1894). 


Type specimens of Allocreadium ictaluri (syn., A. halli Mueller et Van Cleave, 
1932), A. lobatum, and A. pseudotritoni reveal that they are valid species of Allo- 
creadium; and the following have been described sufficiently to retain them in the 
genus: A. hasu, A. kosia, A. mahaseri, A. nemachilus, A. nicolli, A. schizothoracis, 
and A. transversale. Yamaguti (1934) described eyespot pigment for A. hasu. 
Because type material of A. transversale was lost in the war (personal communica- 
tion from Dr. G. Hartwich of the Berlin Museum), the species must rest on the 
descriptions by Odhner (1901) and Szidat (1938). 

Four additional species are retained for the present in Allocreadium, although 
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their descriptions differ somewhat from the author’s concept of the genus and they 
may eventually prove to belong elsewhere. In A. handiai and A. thapari the semi- 
nal vesicle is bipartite, as in some lepocreadiids, and Laurer’s canal joins the oviduct 
independently of the seminal receptacle; the eggs of A. thapari are described as 
non-operculate. A. dogieli has strongly diagonal testes, extremely large vitelline 
follicles, and the uterus extending posterior to the testes. Although based on im- 
mature specimens only, A. markewitschi is included here because it, as the other 3, 
possesses an unarmed cuticle, median genital pore, and short cirrus sac. 

Doubtful as species of Allocreadium are A. asymphyloporum, A. characis, A. 
dubium, A. japonicum, and A. pallens. All except A. japonicum are known only 
from the older literature and their descriptions are poor. At the author’s request, 
Prof. Ozaki has kindly examined specimens of A. japonicum at his disposal and 
found no eyespot pigment except in 1 doubtful specimen, which suggests that the 
material may include more than 1 genus. The generic position of A. japonicum 
therefore must await a re-examination of the type specimen. If it lacks eyespot 
pigment, that feature as well as the trilobed ovary would indicate that the species 
may belong to one of the opecoelid genera. 

Species remaining for consideration are to be excluded from Allocreadium. 
Type material of A. chuscoi and A. wallini reveals that they belong in the genus 
Crassicutis Manter, 1936. Mature specimens of C. chuscoi were not present in the 
type material. What Pearse (1920) interpreted as a cirrus sac in both species is 
actually an expanded sac-like seminal vesicle; it and distinct prostate cells lie free 
in the parenchyma. Scattered eyespot pigment is present in both species and was 
also found in type specimens of the other 2 species in the genus, C. cichlasomae and 
C. marina. 

Study of type specimens requires the removal of Allocreadium boleosomi to the 
opecoelid genus Plagioporus and the reduction of P. lepomis to synonomy with that 
species, their designation becoming Plagioporus boleosomi (Pearse) comb. nov., 
syn. Allocreadium boleosomi Pearse, 1924, and P. lepomis Dobrovolny, 1939. Al- 
locreadium oncorhynchi, as determined from a specimen lent by Dr. Eguchi as well 
as from his excellent description (1932), is to be excluded from Allocreadium and 
is tentatively designated Plagioporus oncorhynchi (Eguchi, 1931) comb. nov., but 
with some hesitancy because its cirrus sac differs considerably from that of other 
species of Plagioporus. 

Six remaining species do not belong in Allocreadium but cannot be definitely 
placed elsewhere because of inadequate descriptions or unavailability of type speci- 
mens. “A.” striatum, a fresh-water form, shows resemblance to the Plagiorchiidae 
in its spinose cuticle, scanty vitellaria, and numerous small eggs. “A.” polymor- 
phum, also fresh-water, may be a lepocreadiid because of its bipartite seminal vesi- 
cle, but shows greater similarities to the Opecoelidae in its aspinose cuticle, long 
slender cirrus sac, and large protruding ventral sucker. The other 4 species, all 
marine, are probably opecoelids. The genital pore is far to the left in Distomum 
mormyri and D. obovatum; the cirrus sac is long and slender in D. mormyri, D. 


obovatum, and D. umbrinae; and the ventral sucker is enormous in D. mormyri 
and in Leiper and Atkinson’s (1915) figure of “4.” fowleri. 
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SUMMARY 


Allocreadium neotenicum sp. nov. is described from dytiscid water beetles, where 
specimens occur unencysted in the haemocoel and develop precociously to fully 
mature adults with large numbers of eggs. The adults-have a well developed stylet 
and intact eyespots, neotenic structures which demonstrate that the larva is an 
ophthalmoxiphidiocercaria. 

The genus Allocreadium is analyzed and an emended diagnosis is proposed. The 
systematic position of all species currently included in the genus is discussed. A. 
qwallini and A. chuscoi are transferred to Crassicutis, A. oncorhynchi and A. bole- 
osomi to Plagioporus ; P. lepomis is reduced to synonymy with P. boleosomi. Other 


species are removed from Allocreadium but are not assigned specifically to other 


genera. 
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EXPLANATION OF PLATE 


All figures pertain to adults of Allocreadium neotenicum. Figures 1 and 3 drawn from 
living material, 2 and 4 with aid of microprojector, and 5 from reconstruction of serial sections. 

Ficure 1. Stylet. 

Ficure 2. Ventral view of type specimen. 

Ficure 3. Excretory system. 

Ficure 4. Cross section of excretory vesicle. 

Ficure 5. Female complex, posterior view. 
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THE RATE OF REPRODUCTION OF ENTAMOEBA HISTOLYTICA 
IN MICROCULTURES FROM INOCULA OF SINGLE 
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PREPARED FROM EMBRYOS OF THE CHICK 
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Although considerable progress has been made during recent years toward the 
goal of axenic cultivation of Entamoeba histolytica (criteria of Dougherty, 1953), 
the methods thus far developed have provided little information on the growth fac- 
tors or the metabolism of the amoeba. Rees (1955) has summarized these accom- 
plishments which include cultivation with a number of single species of bacteria, 
including one that shows little evidence of proliferation during the incubation period 
of the amoeba (Shaffer and Frye, 1948), and without bacteria in association with 
Trypanosoma cruzi by Phillips (1950). Shaffer and Sienkiewicz (1952) and 
Shaffer, Sienkiewicz and Washington (1953) cultivated the amoeba in mince of 
embryos of the chick without any associated microbial organism. A further ad- 
vance was made by Nakamura (1952) who obtained some growth of the amoeba 
in a presumably cell-free medium containing succinoxidase prepared after the 
method of Stotz and Hastings (1937). However, except in one series which showed 
contamination with bacteria, the amoebas failed to grow in a number of transfers 
sufficient to rule out effects of the original inoculum of EF. histolytica-T. cruzi. As 
intimated by Cailleau (1937), in order to demonstrate the suitability of a medium 
for a protozoan organism its growth should continue undiminished through a mini- 
mum of 10 serial transfers. During the past 3 years the method of Shaffer et al 
with chick-mince medium has been in use, with modifications, in our laboratory 
because this method holds promise of attaining axenic cultures. 

In agreement with Shaffer et al (1953), Rees, Reardon, and Bartgis (1954) 
were unable to grow the amoeba in dialysates of chick-embryo medium, but noted 
that ingredients of the nondialyzed medium will withstand heating up to 50°C 
without complete destruction of factors supporting amoebae. However, at higher 
temperatures, even only slightly above 50°C, the factors supporting amoebas were 
completely destroyed. 

The present report was prepared to furnish details of an investigation on which 
an abstract has already been published (Baernstein, Rees and Bartgis, 1956). To 
obviate complications inherent in serial transfer of macrocultures (test tube cul- 
tures), the technique of microculture was used (Rees, 1942; Rees, Reardon and 
Bartgis, 1950; Phillips and Rees, 1950). A single washed trophozoite of E. histo- 
lytica was transferred by microisolation into medium dispensed into a microtube 
made from a piece of glass tubing approximately 2x55 mm. Although the effects 
of “carry over” may be eliminated by this method it has thus far not been adapted 
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for serial transfer. The principal advantage over techniques of macroculture lies 
in a method for evaluating rates of reproduction without the necessity for sampling. 
The progeny of a single amoeba may be counted during selected times of incubation 
and the number of generations computed. Thus the method may be adapted to 
furnish fundamental information concerning the growth requirements of E. histo- 
lytica. 
MATERIALS AND METHODS 

The stock cultures were strain F-22 of E. histolytica in chick embryo medium 
without bacteria. A quantity of the embryo medium for stock cultures was pre- 
pared by grinding three 9- to 10-day-old embryos of the White Leghorn chicken 
(eyes, legs, and beak removed) with 5 ml of Hank’s solution in a Ten Broeck 
grinder and adding 4 ml of Hank’s solution to complete the mince. The complete 
medium in a 20 x 150 mm test tube contained 1 ml of the mince and 1 ml of diluted 
horse serum per tube (10 ml of serum to 9 ml of Hank’s solution). It was innocu- 
lated with 0.2 ml of an embryo-mince culture of the amoeba. A sterile rubber 
stopper provided with a stopcock was then inserted into the tube and it was alter- 
nately evacuated by a high-vacuum pump and filled with hydrogen 3 times. For 
use in microcultures, 6 embryos were ground in a motor-driven Ten Broeck grinder 
with 3.0 ml Hank’s solution, under a glass bell to avoid contamination. After 
dilution with 6.0 ml Hank’s solution, the homogenate was centrifuged at 200 x g for 
2 to 3 minutes and the supernate carefully pipetted off. The completed medium con- 
tained 1 ml of supernate, 1 ml of horse serum, and 1 ml of distilled water. When 
supplements were added, they replaced all or part of the water. For controls the 
whole homogenate was used but since it was impossible to count the amoebae in 


this medium the microtube was centrifuged prior to inoculation. This produced 


a “base” of compacted cells and a turbid supernate. In all cases the microtube was 
filled from a syringe and immersed in a standard Petri dish of Hank’s solution. As 
already indicated, the medium in the microtube was inoculated by the micro-manip- 
ulator, from a suspension of amoebae transferred from a stock culture to the Petri 
dish, sets of 5 tubes being used in each experiment. Immediately following inocu- 
lation, the microculture was sealed with petrolatum, and incubated in a horizontal 
position at 37°C. The progeny of each amoeba was counted usually at 17, 24, 41, 
and 48 hours under the compound microscope with the microcultures immersed 
in water to reduce disturbing reflections. Counting was accomplished under a 
Zeiss inverted microscope (100x). Assuming ideal uniform binary fission for each 
generation, the number of generations of amoebae is equal to log, of the number of 
amebae counted; this is equal to 3.32 x logy) of the number counted. The slope 
of the growth curve (generations per hour) was then calculated for each culture 
by the method of least squares. Multiplication of the slope by 100, of course, equals 
generations per 100 hours. The mean rate for a set of 5 microcultures was obtained 
and the standard deviation, coefficient of variation, and ¢ test calculated (Snedecor, 
1946). 

Standardized methods of procedure were followed in ruling out contamination 
of the cultures with bacteria. Additional details of procedure are given in connec- 
tion with individual experiments. 
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EXPERIMENTAL DATA 


The comparative growth of E. histolytica in the control microcultures (those 
containing a base of whole embryonic cells) and in those containing the centrifuged 
supernate is shown in Figure. 1. The difference between curve A and curve B is 


GROWTH RATE OF ENTAMOEBA HISTOLYTICA 
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Ficure 1. Growth rate of Entamoeba histolytica in chick embryo medium. 
Curve A. Whole homogenate, 1.0 ml; horse serum 0.5 ml; Hank’s solution 0.5 ml; water 1.0 ml. 
Five microtubes were filled and centrifuged 200 xg for 3 minutes, evacuated and flushed with 
hydrogen 3 times, inoculated with one amoeba, sealed, and incubated at 37°C. 
Curve B. Whole homogenate centrifuged 200g 3 minutes, supernate removed and mixed 
with serum, Hank’s solution, and water as above. Five microtubes were filled, evacuated, 
flushed, inoculated, sealed, and incubated as above. 





not significant and is principally due to poor linearity in curve B. This may indi- 
cate a slow depletion of the medium. Sedimentation in microtubes may be slower 
than in test tubes, leaving more small particles. The few nuclei and red cells in 
supernate A may have furnished factors not supplied by the small particles. There 
was also a separation of light and heavy particles. The light particles rose to the 
top side of the tube while the amoebae settled on the bottom side. This could have 
led to a spontaneous fractionation of growth factors if the composition of the two 
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types of particles were different. Depletion may have been the result of autolysis 
and diffusion of factors from the particles to the liquid phase (Siekevitz and Potter, 
1955). Efforts to improve the linearity have thus far not been completely successful. 

The average growth rate in 25 sets of 5 microtubes each, containing supernate 
medium, was 11.5 generations per 100 hours with a standard deviation of 1.93 and 
a coefficient of variation of 16.8 percent. The data of Phillips and Rees (1950) 
who used strain F-22 of E. histolytica with T. cruzi in microtubes give 12.6 genera- 
tions per 100 hours, which is somewhat less than the fastest rates obtained by us. 


Experiments on serum 

Although the chick medium undoubtedly contained serum from the embryos, 
this amount has thus far not sufficed for growth of the amoeba without added horse 
serum. A partial analysis of the factors contributed by horse serum is indicated in 
the following three experiments. Table I shows that such serum was indispensable 
and shows amounts required for best growth of amoebae. For this experiment, 
mixtures of supernate, various amounts of serum, and water to give 3 ml were pre- 
pared. Four sets of 5 microtubes were filled and in experiment A, air was replaced 
by hydrogen but not in experiment B. Each tube was inoculated with one amoeba 
as previously described. The differences between A and B were probably owing 
to differences in the densities of the particles in suspension. Although in A the 
inoculum was from a 48-hour stock tube and that in B from one 72 hours old, there 
were no differences attributable to these age factors. A large number of experi- 
ments showed no effects attributable to age of inoculum. The replacement of air 
with hydrogen likewise showed no differences. The experiments summarized in 
Table II show that dialysis removed growth factors which appeared to have been 
restored by a mixture of vitamins, Table III. A more thorough analysis of these 
factors is indicated. Dialysis was conducted overnight at 3°C, using 10 ml of 
serum against 2 liters of distilled water. The insoluble protein was removed by 
centrifugation and the supernate filtered through porcelain. The experiments 
summarized in Table IV show no significant differences between heated and unheated 
serum on growth of the amoebae. Three portions of serum, 1 ml each, were heated 
in a water bath at 56°C for 5, 10, and 15 minutes respectively, prior to use in the 
medium. 


Effects of pH 
As expected, the pH of the medium had a direct effect on the growth of amoebae. 


The results of a typical experiment are shown in Table V. A rather broad range 
from pH 6.2 to 7.9 gave the best growth. 


Experiments on oxygen tension 


The results of an experiment on effects of oxygen tension of the medium on 
growth of the amoeba are presented in Table VI. Four sets of 5 microtubes each, 
were filled with medium as usually employed except that it contained 0.033 M suc- 
cinate. Microcultures prepared therefrom without the petrolatum seal were placed 
in 4 test tubes equipped with stopcocks as already described. The 4 tubes were 
evacuated at 60, 65, 70, and 76 cm Hg respectively and hydrogen admitted to atmos- 
pheric pressure. It was assumed that equilibrium was established between the gas 
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space and the medium in the microtubes. The table shows no effects of the indi- 
cated oxygen tensions on growth of the amoeba. This unexpected result probably 
is related to unique conditions that existed in microtubes, since our stock cultures 


TABLE I— Serum concentration TABLE I — Dialyzed serum and vitamins 
and growth rate 








Generations 
Serum Generations per Additions per 
Ml. 100 hours 100 hours 








Whole serum 9.0 
Whole serum + vitamins 11.4 
Dialyzed serum 5.9 
Dialyzed serum + vitamins 9.7 








TABLE II — Composition of vitamin mixture 
Per 100 mi. 0.1 M NAH co; TABLE IV — Heated serum 








Generations 
Heating Time per 
Thiamin Hydrochloride 10 Sodium Ascorbate Minutes 100 hours 
Folic Acid 10 Nicotinamide 
Biotin 1. Choline Chloride 0 
Riboflavin 10 Inositol 5 
p Amino Benzoic Acid 10 Glutamine 10 
Calcium Pantothenate 5 Asparagine 15 
Pyridoxal Hydrochloride Cholesterol 


Substance Mg. Substance 














TABLE V — Optimum pH 





TABLE VI— Oxygen tension 





Generations per 
100 hours Oxygen Generations per 
MM Hg ‘100 hours 








0.0 
9.7 

9.6 
10.5 
10.9 








TABLE VII — Centrifugation time of 
TABLE VIII — Concentration of supernate homogenate. 2,200 x G 





Supernate Generations per Y Generations per 
ml. 100 hours Minutes 100 hours 








0.0 0.5 4 
8.4 3.0 6 
10.9 10.0 0 
11.2 20.0 9 


0 
5 
0 
5 








TABLE IX — Supplements to basal medium. 


Veluwe ane quanialtons gat 100 hance TABLE X — Composition of coenzyme mixture 








Coenzyme Mg. 
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0.5 1.0 
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Substance Conc. Ml. Cocarboxylase 10 


Leucovorin 3 
9.2 Z Flavin adenine dinucleotide 30.4% 5 
13.2 5 Diphosphopyridine nucleotide 90% 10 
10.0 Triphosphopyridine nucleotide 5 
14.1 Adenosine triphosphate 95% 10 
11.5 Coenzyme A 5 


10.6 Water ml. 10 
15.8 





Glucose 
Succinate 
Ascorbate 
RNA 

Amino acids 
Vitamins 
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could not be maintained unless air was replaced by an inert gas. The small cross 
section of the microtube probably restricted equilibration with the external gas 
phase, and the small volume of medium supplied a very small reservoir of oxygen in 
solution. The particles undoubtedly utilized some oxygen, at least in the early 
stages of incubation, since succinoxidase was shown to be active. The use of indi- 
cators of oxygen in microtubes is not practical because of insufficient depth for 
observation of changes in color. 


Factors related to the time of centrifugation 


Perhaps the most critical factor in the preparation of the medium was the cen- 
trifugation time of the homogenate. A clean separation of unbroken cells and cell 
fractions is a prerequisite for axenic cultivation of the amoeba, and a heavy suspen- 
sion of particles of uniform composition is desirable. The following experiment 
was conducted for information on time of centrifugation affecting rate of growth 
of amoebae: Homogenate was prepared as described above except that 2.0 ml of 
glucose (0.25 M) and 1 ml of succinate (0.5 M) replaced 3.0 ml of Hank’s solution, 
in an attempt to improve the quality of the particles. The homogenate was sepa- 
rated into 4 equal portions and centrifuged for 0.5, 3, 10, and 20 minutes respec- 
tively, at 2200 xg. Four mixtures were prepared from 1.0 ml of each of these 
supernates, with addition of 1.0 ml serum and 1.0 ml of a mixture of ribonucleic 
acid, amino acids, vitamins, coenzymes, and nucleotides. Methods of preparation, 
deaeration, and inoculation of the microcultures have already been described. The 
results are summarized in Table VII, which shows that growth of amoebae was 
dependent on time of centrifugation. Microscopic inspection of the respective 
supernates showed that the number of particles therein decreased with increased 
times of centrifugation. The soluble supplements listed above, as well as the non- 
sedimented particles of the supernate, could not maintain growth of amoeba in the 
absence of sedimentable particles. 


Quantitative relationships between amount of supernate and growth of amoebas 


The experiments summarized in Table VIII show that growth of amoebae was 
affected by amounts of supernate used to make up the medium. Instead of 1 ml 
of supernate the amounts varied from none to 1.5 ml per culture. The medium was 


prepared as described previously except that 0.5 ml of a vitamin mixture replaced 
one-half of the water. The number of particles and the concentration of soluble 
components were varied by this procedure. A progressive increase in generations 
of amoebae, though small, occurred with larger proportions of supernate. The 
results are not attributable to the vitamin formula. 


Effects of supplements to the basal medium 


Since it was impossible to count amoebae following large increases in amounts 
of supernate, a search was made for supplements in solution that would increase 
the basal growth rate of the amoebae. The result summarized in Table IX show 
no increase in growth of amoebae from added glucose, which is not surprising since 
glucose was already present in the basal medium. At the highest concentration 
shown, there was definite indication of toxicity. Succinate gave slight stimulation 
at 0.0166 M but inhibition at 0.033 M. Ascorbate showed increased growth with 
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increased concentrations up to 0.0166 M. Ribonucleic acid showed good results 
warranting further study. The amino acids (which were derived from a slightly 
modified commercial acid hydrolysate of casein) and vitamins had little effect. 
The most striking result occurred with a mixture of coenzymes, the formula for 
which is presented in Table X. No other combination of supplements thus far 
tried has given results up to 19 generations of amoebae per 100 hours. No explana- 
tion has thus far been found for failure of these supplements to prevent loss of 
growth-promoting ability when the particles were removed by centrifugation, as noted 
above in connection with the data of Table VII. The stimulating action (Table IX) 
may be attributable to prevention of loss of factors from the particles. 


Effects of heat on the supernate 


As already noted, the work of Rees et al (1954) showed that heating destroyed 
the factors of a chick-mince medium required for growth of amoebae, and the data 
herein presented, Table IV, show that this effect was not attributable to heat on 
the serum fraction. Nakamura (1952) noted that heat destroyed growth factors 
from a medium containing succinic dehydrogenase. The data presented here were 
obtained from supernate that was heated during 15 minutes at 56°C. Higher tem- 
peratures caused coagulation, and lower temperatures gave marginal effects that 
were difficult to interpret. Some preliminary results showing loss of factors re- 
quired by the amoebas and some data on effects of supplements on the heated super- 
nate are summarized in Table XI. Actually, 3 different supernates were used and 
some of the controls could not be run. Each mixture of supplements was added in 
the amount of 0.2 ml per 3 ml of medium. The highest response occurred from 
vitamins, amino acids, and RNA, (RNA is ribonucleic acid) but this response 
occurred in supernate where embryo extract was used. This extract was prepared 
by boiling 6 whole embryos with 15 ml of water and centrifuging at high speed. 
The cdmposition of the nucleotide mixture which had no demonstrable effect on 
growth of amoebae is given in Table XII. 


Activators and inhibitors 

For some insight into the enzyme systems that may be operating in E. histoly- 
tica, a number of commonly used inhibitors and metabolites were tried, all as sup- 
plements to the basal medium. The results summarized in Table XIII show strong 


inhibition by fluoride and arsenate, which inhibit enzymes associated with glycoly- 
sis, especially the steps involving transfer of phosphate. Experiments, not tabu- 
lated, show that cyanide, 3 x 10-* M, pentachlorophenol 3x 10-* M, and ethylene 
diaminetetraacetate, 3x 10°* M also inhibited growth completely. Trace metals 


showing no significant effects included cobalt, manganese, iron, and zinc. The sulf- 
hydryl compounds had either no effect or produced slight inhibition. Except suc- 
cinate, Table IX, no measurable effects were obtained from components of the citric 
acid cycle. In this connection it is interesting that malonate did not inhibit growth 
of amoebae even though stimulation occurred from succinate. Factors of penetra- 
tion into the amoebae may have been involved in these cases. 
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TABLE XI— Supplements to heated supernates 
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TABLE XII — Composition of nucleotide mixture 





Substance * 





Adenine Ribose 
Guanine Adenosine 
Cytosine Guanosine 
Uracil Adenylic acid 
Thymine Guanylic acid 
Orotic acid Cytidylic acid 
Xanthine Uridylic acid 





* 10 Mg. of each substance dissolved in 100 ml. 
0.1 M Sodium Bicarbonate. 


TABLE XIII — Activators and inhibitors 
generations per 100 hours 
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DISCUSSION 


The data of the present investigation serve to confirm those of Shaffer ef al 
(1952, 1953) but in addition our data show that no metabolizing whole cells were 
required. The failure of Shaffer et al to obtain growth of amoebae in cell-free super- 
nates may have been due to prolénged centrifugation which was carried out at 3,000 
rpm for 30 minutes. In our work, however, the intrinsic metabolic activity of par- 
ticles remaining in the supernate following less drastic centrifugation has not been 
determined, although growth of amoebae may depend on such activity. Our data 
extend the findings of Shaffer et al in showing effects of heat on the medium and 
pin-point these effects on the supernate, not on the serum components. The lim- 
ited success in restoring factors lost through heating, by addition of supplements, is 
encouraging but further work is required for clarification of the results thus far 
obtained. It has been a common observation that heating microbial associates of 
E. histolytica destroyed factors essential for the growth of this amoeba. 

Data herein reported on apparent insensitivity of the amoeba to oxygen also need 
clarification, but some of the implications of these results have already been con- 
sidered. Individual amoebae may differ in their responses to oxygen. In this con- 
nection it is of interest that a number of attempts by us to establish strains of the 
parasite in chick embryo medium met with failure. Even after cultivation of one 
strain in the medium for 6 months it was impossible to get satisfactory growth in 
the supernate medium. 

In the present experiments reproduction of amoeba depended on the heavier 
particles. Whatever stimulation resulted from addition of materials in solution 
occurred only in the presence of particles. Attempts at analysis of the relation of 
the particles to amoeba were complicated by the actions of amoebae in “gathering” 
the particles that had settled to the lower side of the microtube. There appeared 
a uniform background of particles except where amoebae were reproducing. Here 
large clear areas were found with amoeba clustered about denser piles of particles. 
Sometimes this whole complex appeared to move as a unit. It seems as if amoebae 
secrete a substance which causes the particles to clump, thus increasing the con- 
centration of particles in the microenvironment. 

The particles may contain tightly bound factors which are indispensible to 
amoebae, as well as diffusible factors which are stimulatory and which may be un- 
available to amoebae directly. Some of these soluble factors may be forced back 
into the particles by increasing their concentration in the medium and thus may find 
their way into the amoeba after ingestion of the particles. 


SUMMARY 


A procedure has been adapted for determining the rate of reproduction of En- 
tamoeba histolytica in microcultures which does not require sampling, 

The medium was composed of a suspension of fine particles from chick embryo 
homogenate, horse serum, and Hank’s solution. No whole cells could be 
detected. 

Horse serum was required but could be partially replaced with a mixture of 


vitamins. 
The system was not sensitive to small amounts of oxygen. This applies to strain 
F22SF only. 
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The rate of reproduction of amoebae was greatly influenced by the number and 
the condition of the small particles which made up the principal part of the 
medium. 

Mild heating destroyed the reproduction-producing activity of the particles, but 
part of the activity could be recovered by suitable supplement. 

The system was completely inhibited by fluoride, arsenate, cyanide, ethylenedia- 
minetetraacetate, and pentachlorophenol. 
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STUDIES ON ECHINOCOCCUS ALVEOLARIS (KLEMM, 1883), 
FROM ST. LAWRENCE ISLAND, ALASKA. I. HISTOGENESIS 
OF THE ALVEOLAR CYST IN WHITE MICE.* 


SaroyAM K. MANKAU 


Department of Zoology, University of Illinois 
Urbana, Illinois, and Arctic Aeromedical Laboratory 


Although Virchow (1855) established the helminthic nature of alveolar cysts, 
very little experimental work has been done on this parasite type. This has been 
due mainly to the consistent failure in producing alveolar cysts in experimental 
animals and, until recently, man and, rarely, ox were thought to be the only inter- 
mediate hosts for alveolar echinococcosis. The inadequate information concerning 
this parasite has led to many lengthy controversies regarding the taxonomy of the 
species involved. 

Rodents from the Commander Islands were first reported as intermediate hosts 
for alveolar echinococcosis by Barabash-Nikiforov (1938). Later Rausch and 
Schiller (1951) reported the parasite from the same host in the western part of St. 
Lawrence Island. Echinococcus alveolaris Klemm on St. Lawrence Island, Alaska 
has been recorded from the common mole (Microtus oeconomus Pallas) and the 
red-backed mouse (Clethrionomys rutilus Pallas). Thomas et al (1954) reported 
cases of natural infection in the ground squirrel (Citellus undulatus Pallas) and 
in shrews (Sorex jacksoni Hall and Gilmore). The natural infection in rodents 


suggested the possibility of using mice as laboratory hosts. White mice were suc- 


cessfully infected and studies of the histogenesis and histopathology of the cysts 
undertaken. The histopathology will be the subject of another publication. 


MATERIALS AND METHODS 


Echinococcus alveolaris eggs were obtained by Dr. Lyell J. Thomas from the 
intestine of the naturally infected arctic fox, Alopex lagopus Linnaeus, St. Lawrence 
Island, Alaska, in August of 1954. Gravid segments were fed to the mice orally, 
each receiving approximately 200 eggs. Out of the 100 mice exposed, 70 were 
infected. 

Ten percent neutral formalin was used as the general fixative for cytological 
study. Isopropanol was used both as a dehydrating and clearing agent. Staining 
was done with Harris’s haematoxylin and eosin. 


OBSERVATIONS 


The development of alveolar cysts in white mice was found to be much faster 
than that of the common hydatid in pigs, although its development was slower in 
white mice than in Microtus spp. The infected liver enlarged greatly in size, often 
with the lobes reaching to the posterior region of the abdominal cavity (Plate I, 
figs. 1 and 2). 

Received for publication, January 26, 1956. 
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1-day Stage. The focus of infection of the hydatid cysts in the liver can be 
located, a few hours after infection, by the cellular reaction which occurs around 
each focus. Twenty-four hours after infection the necrotic focus measures from 
100 to 110 microns in diameter. The cellular reactions consist primarily of an 
infiltration of lymphocytes and a few polymorphonuclear cells. The larva is very 
hard to detect at this stage due to the accumulation of infiltrating cells (Plate I, 
fig. 3). 

3-day Stage. The follicle becomes much larger. There is a definite cloudy 
swelling in the hepatic cells. A few cells around the larva become necrotic. Some 
of the hepatic cells undergo hypertrophy and in others the nuclei appear pyknotic. 

6-day Stage. The larval vesicle is visible macroscopically on the liver by the 
sixth day. It appears as a tiny yellow-white dot on the liver surface. The follicle 
now measures about 330 to 350 microns in diameter. Neutrophils and fibroblasts 
are found in large numbers. A great number of eosinophils occur around the zone 
of infection probably due to toxins elaborated by the parasite. Small groups of 
polymorphs and fibroblasts are found scattered throughout the hepatic tissue. 
Blood vessels are often congested and polymorphs and lymphocytes are present in 
fairly large numbers in these blood vessels. The larval vesicle itself measures only 
about 50 microns in diameter. The nuclei of the germinal membrane are prominent 
(Plate II, fig. 1). 

10-day Stage. The size of the zone of infection continues to increase, some 
measuring up to 495 by 330 microns. As a rule, in the early stages the larval fol- 
licles are spherical in shape, but they tend to follow the path of least resistance. 
By this time the follicles begin to vesiculate. 

Prior to the tenth day there is nothing in the development of the cyst to differ- 
entiate it from a common unilocular cyst. Now however the cyst begins to show 
its alveolar nature by undergoing exogenous and endogenous budding. More and 
more infiltrating cells accumulate around the focus of infection. In a heavy infec- 
tion, a large number of juvenile neutrophils are usually found in the cellular exu- 
date. This condition happens, presumably, when the demand for neutrophils ex- 
ceeds their normal rate of production. 

16-day Stage. The larval focus has grown to about a millimeter in diameter. 
The germinal membrane shows a slight increase in thickness, measuring about 1.5 
microns. Some cells appear hyperchromatic, taking up a much darker stain. The 
nuclei of some cells shrink and become pyknotic. When the hepatic cells undergo 
complete necrosis the polymorphs appear in large numbers and digest the dead 
tissue, further permitting the cyst to grow and expand. Lymphocytes are present 
in large numbers. 

21-day Stage. The cyst now measures about 2 mm in diameter. Two or 3 
secondary vesicles are formed by exogenous and endogenous budding. A narrow 
strip of laminated membrane appears on the inner edge of the cyst wall just beneath 
the germinal membrane, but is not yet well developed or complete. The nuclei 
of the germinal membrane are rather prominent. A large granulation zone is 
formed around the larval vesicle which consists mostly of polymorphonuclear cells 
and fibroblasts. The fiibroblasts undergo excessive proliferation but no connective 
tissue fibers are yet formed. Consequently the toxins that are elaborated by the 
larva seep out into the tissue bringing a steady flow of eosinophils into the area. 
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Small groups of mononuclear cells are found scattered throughout the hepatic tis- 
sue (Plate II, fig. 2). 

2-month Stage. The cyst has become quite proliferative and its true alveolar 
nature is well established. The cyst has grown to 15 to 20 mm in diameter. An 
aggregation of small vesicles of varying size and shape is formed by the repeated 
budding of the original cyst. The germinal membrane has increased in thickness 
to 6-7 microns. No sign of scolex production has been observed at this stage. The 
laminated membrane is thin but is complete and well developed in all “normal” cysts. 
The polymorphs form the bulk of the granulation zone. A connective tissue cap- 
sule is now found around the cysts. 

A large number of giant cells, especially of the Langhans’ type, are found en- 
gaged in removing the ever increasing amount of degenerated host tissue. In the 
infected area, the parasitic tissue has completely replaced the hepatic tissue except 
for the small patches of hepatic cells caught between the cyst walls. There is a 
general passive congestion with a great deal of hemorrhage, particularly in the tis- 
sue surrounding the cysts. The sinusoids are greatly distended and many of them 
are filled with red blood cells. There is a marked dilatation of central veins. The 
bile ducts, especially the ones that are caught within the cystic growth, undergo 
great proliferation, although they show considerable resistance against necrosis 
and pressure atrophy. 

The neighboring hepatic cells are found in all stages of necrosis. The cyto- 
plasm becomes granular. The nuclei undergo karyolysis, losing their chromatic 
characteristics. Some cells lose their cellular structure. These later become a 
mere mass of debris. Due to the pressure exerted by the growing parasitic tissue, 
the blood supply to the surrounding tissue is diminished and the cells thus shrink 
from lack of nutrition. The pressure atrophy produced is quite evident in the sur- 
rounding hepatic cells. 

3-month Stage. The parasite is well established in the host and the infection 
now is definitely chronic. The most conspicuous cells in the chronic inflammation 
are those responsible for the extensive proliferative changes, namely the fibroblasts. 
The proliferation of the fibroblasts is evident in earlier stages, although at this 
stage the fibroblasts are the predominating cells, replacing the polymorphs which 
in the.early stages formed the bulk of the granulation zone. 

The cysts grow rapidly, the germinal membrane invading increasing amounts 
of host organ tissue. While the older larval vesicles develop and become mature, 
more and more new foci are being formed, so that all stages of development of the 
larval vesicles may be observed in one section of a liver lobe. Therefore, when 
one portion of the cystic mass reaches the chronic stage and becomes organized, 
other areas which are recently invaded are undergoing acute inflammatory changes. 
The process continues until the parasite completely overcomes the resistance of the 
host, eventually resulting in its death. 

A connective tissue capsule is usually formed around the cyst and measures 
about 60 to 70 microns in thickness. As the cyst develops, the granulation zone 
becomes progressively narrower and in some cases where the laminated mem- 
brane comes directly in contact with the connective tissue fibers, it completely dis- 
appears. The laminated membrane or the sub-germinal hyaline membrane is well 
developed in most of the “normal cysts,”’ and its thickness varies considerably from 
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one cyst to another. No correlation is observed between the thickness of this mem- 
brane and the age of the cysts. The germinal membrane increases in thickness and 
becomes highly proliferative. Scolex production, however, does not occur until 
after the fourth month of infection. Rausch (1954) reported that, in Microtus, 
scolex production started 30 days after the infection. 

4-month and later Stages. As far as the development and growth of the para- 
site itself are concerned, no marked changes take place after the third month of 
infection except for the excessive proliferation of the germinal membrane and devel- 
opment of the brood capsules and scolices. These changes will be described in 
another publication. 

When an infected liver lobe is completely replaced by the cystic tissue, it loses 
its normal color and becomes yellow-white, covered by a thin transparent mem- 
brane. Through this covering a network of blood vessels can be seen, and these 


branch and rebranch to supply the various regions of the adventitia. The adventitia 
is rather translucent and the germinal membrane enveloping the brood capsules and 
scolices can be seen through the wall. These cysts contain very little or no fluid. 
When the adventitia is teased apart, a large number of small cysts of varying sizes 
and shapes, often separated by connective tissue stroma, are seen, and each of these 


is filled with the germinal mass enveloped by the laminated membrane. Although 
the laminated membrane is always found in close contact with the cyst wall, it is 
not connected to it, so that the intact cyst may be removed easily. This laminated 
membrane is transparent and is hard to detect in direct light. The germinal mem- 
brane is also very thin and transparent ; however, when filled with scolices, it ap- 
pears quite opaque and is white in color. There are countless numbers of calcareous 
particles embedded in the germinal membrane and between scolices, which in direct 
light give the germinal mass a shiny appearance. These calcareous bodies are 
rather loosely held, and when the larval mass is teased apart, a large number of these 
refractive bodies fall free. 

The size and shape of this “germinal mass,” germinal membrane developing 
the brood capsules and scolices covered by the laminated membrane, is determined 
by the size and shape of the cyst cavity. It is very irregular due to the exogenous 
and endogenous budding of the primary cysts. Many of the cysts are extremely 
small, some measuring only 100 to 150 microns in diameter. In the early stages 
of development, this germinal mass is transparent and somewhat spherical. The 
primordia of the scolices soon develop, and at first these appear as dot-like struc- 
tures within the germinal mass. Calcareous bodies are also scattered throughout 
the germinal membrane. As the cysts develop, increasing numbers of brood cap- 
sules and scolices are produced and the number of calcareous bodies increase until 
the germinal mass becomes completely opaque. 

Leuckart (1881) stated that in Echinococcus granulosus the scolices, as in the 
case of coenurus, are found grouped together in particular areas in the germinal 
membrane and Dew (1928) confirmed this observation when he wrote: “(the 
scolices) . . . do not develop evenly over the whole of the parenchymatous area, 
but tend to be aggregated in particular spots.” In the cysts obtained from white 
mice infected with Echinococcus alveolaris no such aggregation of brood capsules 
is observed, but they are rather evenly distributed throughout the germinal mass. 

The size of the cyst is by no means a measure of the stage of development of the 
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germinal mass. Several large-sized cysts were found to contain the early develop- 
mental stages of the scolices whereas cysts as small as 155 microns in diameter 
were found to have 3 to 4 scolices, sometimes with well developed hooklets and cal- 
careous bodies. A cyst with 1 or 2 scolices filling its entire cavity is not a rare 
occurrence. 

SUMMARY 


The developmental stages of the larval cyst of Echinococcus alveolaris in the 
liver of white mice are described in detail. The cysts are malignant in nature, 
invading increasing amounts of the host tissue by exogenous and endogenous bud- 
ding until the death of the host occurs. Scolex production was observed only after 
the fourth month of infection. 
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PLATE I 


Figure 1. Enlarged liver in white mouse caused by Echinococcus alveolaris. 

Ficure 2. Infected mouse liver (left) and normal liver (right). 

Figure 3. Larval follicle of Echinococcus alveolaris 24 hours after exposure of the host 
to the eggs. ' 


PLATE II 


Ficure 1. Six-day old Echinococcus alveolaris in the liver. 

Ficure 2. Month-old larva in liver tissue. A secondary vesicle has formed by exogenous 
budding. 

Ficure 3. <A group of small, fertile alveolar cysts in the process of producing brood cap- 
sules and scolices. 
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STUDIES ON TRICHOSTRONGYLUS AXEI (COBBOLD, 1879). 
SOME QUANTITATIVE ASPECTS OF EXPERIMENTAL 
INFECTIONS IN RABBITS 


S. E, LELAND, JR., AND J. H. DrupcGE 
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University of Kentucky, Lexington, Kentucky 


Drudge, et al (1955) successfully infected 14 laboratory rabbits with 5 strains 
(3 equine, 1 ovine, and 1 bovine) of Trichostrongylus axei, initially encountered 
as parasites in these hosts. This appears to be the first experimental infection of 
the rabbit, whereas Bull (1953) reported a natural infection of T. axei in a wild 
rabbit in New Zealand. The technical and economic advantages in a small laboratory 
animal for study of this pathogen of domestic animals prompted further investigation 
into some of the quantitative aspects of the infection. The purpose of the present 
study was to ascertain: (1) lethal larval dose; (2) the most efficient larval dose ; 
(3) the interval between infection and death; (4) the prepatent period; (5) the 
distribution of adults in the alimentary canal; (6) the male-female ratio; (7) the 
egg-laying potential of the female worm; (8) the consequences of reinfection ; and 
(9) the pathological effect on the host. 


MATERIALS AND METHODS 


The T. axei used in the present work was strain A of Drudge, et al (1955). This 
strain, originally isolated from a horse and therefore free from T. colubriformis, 
was found to be infective to lambs, calves, guinea pigs, hamsters and rabbits. The 
strain has been put through a number of passages in rabbits, but in the present work 
the larval sources were standardized with respect to donor and the number of rabbit 
passages. Only donor rabbits which resulted from second and/or third passages of 
the worm were used. Groups of rabbits were infected as lots of 7- to 14-day-old larvae 
became available. This procedure resulted in several groups of rabbits which were 
infected with different lots of larvae. The rabbits were grouped in the following 
manner with respect to larval lot: 13 to 18, 20 to 27, 34 to 37, and 44 to 63. 

Since quantitative measurements were taken, it was necessary to exercise care 
in delivering the various doses of larvae. To do this, the individual doses, carefully 
counted by the dilution technique, were placed in test tubes. A miniature Whitlock- 
type nozzle, made from a 6-inch, 15-gauge needle and fitted to an ordinary glass 


hypodermic syringe was used to administer the larvae. After administration, 3 to 


5 cc of water was added to the tube and drawn up into the syringe. This “wash” 
was also introduced into the stomach. 

Daily salt flotations were used to establish the presence of eggs in determining 
the prepatent period. After patency, in rabbits 13 to 27 a modified Stoll method 
(1930) was employed for quantitative measurement at approximately weekly inter- 
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vals in order to follow the course of the infection. In rabbits 34 through 63, after 
patency, 24-hour fecal samples were collected at weekly intervals to follow the egg 
production on the daily basis. Enough water was added to the entire 24-hour col- 
lection to make a pipettable suspension. Three samples of this suspension were 
counted by a modified Stoll technique (1930) and averaged to calculate egg pro- 
duction for the 24-hour period. Where 24-hour egg counts were made, the num- 
ber of eggs per gram was calculated from the daily egg production and fecal output. 
To establish the 24-hour egg production of each female worm at the time an animal 
was sacrificed, the 24-hour egg counts on the 3 days previous to necropsy were 
averaged. 

Worm counts were made on the contents of the stomach and small intestine, 
stomach digest, and small intestine digest, to determine the number and distribu- 
tion of worms. The unwashed stomach wall and small intestine were digestec sepa- 
rately ina 1% pepsin-1% HCI solution. Overnight incubation at 37° C was found 
sufficient for dissolution of the protein components of the tissue, although somewhat 


longer periods of digestion were occasionally employed without apparent injury 


to the worms. T. avei is particularly suited for the gastric digestion technique be- 
cause its normal environment in the host stomach is similar to that employed in the 
artificial digestive procedure. This digestive procedure has been used for the past 
2 years by the authors in connection with T. axei studies and has resulted in higher 
worm recoveries. The digested materials were preserved by adding enough forma- 
lin to make a final concentration of about 10%. 

Routinely, the worms were counted in 5- to 10-ce replicated volumes comprising 
10% of the total volumes from the contents and digested materials. The search 
for the worms was made with the aid of a dissecting microscope (13x). 

The rabbits used were the white Flemish breed and, except where otherwise 
indicated, were 6 to 12 weeks old. The animals were individually caged and had 
free access to water and a complete commercial pellet ration. 


RESULTS AND DISCUSSION 

The data from 34 rabbits 6 to 12 weeks old were subjected to the formula of 
Reed and Muench (1938), which resulted in LD; = 13,000 larvae. The same data 
were also plotted by the moving average method of fitting a curve and by a logarith- 
mic curve and gave LDso’s of 11,800 and 13,000 larvae respectively. 

Data pertaining to rabbits with initial infections and for which worm counts are 
available are presented in Table I. 

As shown in Table I, the worms recovered at death or sacrifice in relation to 
the larvae administered ranged from 6% at 16,000 larvae to 31% at 4,000 larvae, 
with an average of 18.6% in 17 animals. In comparison, Leland, et al observed, in 
sheep initially infected with the same strain of T. axei, a worm recovery ranging 
from 3.0% at 1,031,000 larvae to 52.5% at 50,000 larvae, with an average of 16.4% 
in 8 animals. Doran (1955) in initial infections with calves observed a worm re- 
covery which ranged from 8.6% at 1,500,000 larvae to 30.0% at 100,000 larvae, 
with an average of 19.2% in 5 animals. 

In any host comparison of the percentage worm recovery in the above-mentioned 
cases, one must recognize certain variables: (a) the unequal duration of the infec- 
tions in the various individuals and groups brought about by deaths and varying 
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necropsy dates; (b) the actual larval doses used in the various host groups since 
percent recovery can be expected to be higher at lower dose levels (ideally, the com- 
parison should be made at the larval LD;5 of each host group, but at present the 
LDso for calves and lambs is not available) ; (c) the comparative ages of the host 
groups, i.e., 6- to 12-week-old rabbits, 3- to 6-month-old calves, and 5- to 17-month- 
old sheep; and (d) the increased worm recovery with the gastric digestion proce- 
dure as compared with a washing technique. Therefore, an unqualified comparison 
is not possible. It can be stated, however, that in the specific cases cited the per- 
centage of worms established in rabbits, lambs, and calves is quite similar. 

In the 10 deaths recorded in Table I, the interval between infection and death 
ranged from 31 to 72 days, with an average of 51.2 days. Of the 17 animals an 
average pre-patent period of 22.7 days and a male + female ratio of 0.82 were ob- 
served. 

The distribution of adult worms was markedly influenced by the time interval 
between death and necropsy. In animals that died during the night and were not 
examined until the following morning the majority of the worms was always found 
in the stomach contents. In animals that were killed and immediately necropsied, 
the majority of the worms was recovered from the stomach wall digest. To sub- 
stantiate further this apparent migration or translocation from a more intimate 
association with the gastric mucosa into the stomach contents, the following proce- 
dure was employed. Six rabbits were killed. Three (51, 62, and 63) were necrop- 
sied immediately while 3 (45, 47 and 56) were necropsied 4 hours later. The 
percentages of the worms recovered from the stomach contents for the animals ne- 
cropsied immediately were 11.3, 0, and 15.5, with an average of 8.9, while the ani- 
mals necropsied 4 hours after death yielded percentages of 34.2, 19.4, and 27.7, with 
an average of 27.1. Thus, the percentage of worms in the stomach contents in- 
creased from 8.9 to 27.1 in 4 hours following death. In the initially infected animals 
which died and for which complete counts were made, the average percentage of 
the worms recovered from the stomach contents or intestines was 88.7. It may be 
concluded, then, that in the intact animal over 90% of the worms are associated 
with the gastric mucosa, and following death of the host a migration or mechanical 
translocation occurs to the stomach contents which may continue to the snail in- 
testine. Therefore, in evaluating the distribution of worms this translocation of 
adults must be taken into account. 

The egg-laying potential was evaluated as eggs per 24 hours per female and in 
initial infections ranged from 0.1 to 98.9 with an average of 20.3. This value, when 
compared with the number of eggs produced by other nematodes, suggests that 
T. axei, at least in the rabbit, is rather a poor egg-layer. [Ascaris lumbricoides 
200,000; Ancylostoma duodenale 25,000-35,000; Cooperia curticei 400-900; (La- 
page, 1951)]. However, this is in keeping with the small size of the adult worm 
and the small number of eggs usually present in fresh specimens. The low 24-hour 
egg production is compensated by the long patency period. At the time of this 
writing (May, 1956) patency in the rabbit is known to be in excess of 21 months. 

In the surviving animals which were necropsied 118 to 190 days after infection, 
the egg count curves in general were characterized by alternate peaks and valleys. 


The greatest 24-hour egg production in initial infections was observed in rabbit 47, 
which attained a peak of 72,000 eggs. The most consistent observation with respect 
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to the 24-hour egg counts was that the greatest egg production occurred 30-60 days 
following infection. The best donor rabbits with respect to high and sustained 
egg-production were in general those receiving 7,000 or more larvae. Twenty-four- 
hour egg counts ii these animals usually remained above 15,000 during the first 
4 months of patency. 

In the rabbits that succumbed to the infection, the egg counts were erratic and 
unpredictable, no doubt due to the unfavorable host-parasite relationship. Some- 
what of a consistent pattern, however, was observed shortly before death. The 
fecal output was drastically reduced, which tended to concentrate the eggs per 
gram. The 24-hour egg counts, however, usually were decreased slightly before 
death, indicating the egg-laying activity of the female worm was being adversely 
influenced by approaching death of the host. This is particularly noticeable in rab- 
bits 44, 47, 35 and 57, in which the egg counts per 24 hours per female were 0.5, 
5.4, 0.1 and 4.6, respectively. 

Table II is a composite of the data obtained from rabbits which were re-infected. 
This phase of the present study was undertaken to ascertain (1) whether re-infec- 
tion was possible, (2) if egg counts in initial infections of some duration could be 
increased by re-infection at a higher dose, (3) if it was possible to establish a greater 
worm burden than could be expected with initial infections and (4) to what extent 
the observations in initial infections compared with those of re-infections. 

The data in Table II show that in 7 of the 9 animals, the number of worms re- 
covered at necropsy from a particular animal was either greater than the first dose 
of larvae administered, or was in excess of what could be expected as a result of 
the first dose, as indicated by the recoveries at the same doses in initial infections 


of Table I. This indicates that superimposed infections are possible. Of particular 
interest were the two animals (27 and 50) which showed no increased worm bur- 
den following reinfection and, in fact, carried fewer worms at necropsy than any 
of the initially infected animals of Table I. To date, the authors have successfully 


infected over 60 Flemish rabbits with various strains of 7. axei and only on two 
occasions have infections failed to become established. Rabbit 50 was one of the 
two cases in which the infection was not established (on the first exposure of 4,000 
larvae). On re-exposure at a higher dose, a very low grade infection was estab- 
lished. In the case of animal 27 (Table I1) it will be noted that at 8 weeks of age 
this animal survived 29,320 larvae which is twice the LD; for rabbits of this 
age. Therefore, it is the opinion of the authors that these two animals represent 
a small percentage of a rabbit population which, for some reason or other, are re- 
sistant to the infection. 

On the basis of eggs per gram, all but one animal (27) developed higher egg 
counts following re-infection. Fecal output was markedly reduced in rabbits 13 
and 53, which resulted in the high maximum counts in these animals due to the con- 
centration effect. Twenty-four-hour egg counts are available on the 3 days prior 
to necropsy in the animals that survived, and the maximum counts appear in Table 
II. The greatest 24-hour egg-production of any rabbit was observed in animal 53 
(131,000 eggs/24 hours). 

In the re-infected animals the worms recovered at necropsy in relation to the 
total larvae administered, averaged 4.6%. Thus, although re-infection is possible 
in the rabbit, the forces resulting in diminishing returns render a low efficiency of 





164 THE JOURNAL OF PARASITOLOGY 


re-infection. 

Pathology.—The most outstanding pathological observation in initial infections 
was the apparent lack of gross pathology in the majority of animals. Four unin- 
fected rabbits of comparable age were maintained as controls. None of the controls 
died even though they were observed for a much longer period (177 to 345 days) 
than the maximum period required to kill the experimental animals (72 days in 
rabbit 36). A small gastric ulcer surrounded by an area of inflammation was noted 
in rabbit 35. This animal had an enteritis which may have contributed to its early 
death (31 days). Rabbit 37 was the only other initially infected animal to show 
gross lesions. This animal was necropsied 190 days after infection in order to ob- 
serve the pathological changes that may occur over a more prolonged duration of 
infection. At necropsy the stomach lining of this animal was found to be approxi- 
mately 50% involved in a chronic type of response. The affected area “appeared 
to be a progressive growth of tissue in response to irritative action by the worms” 
(Foster, 1942). The pathology of this animal was of the type described below in 
the case of re-infected animals of similar duration. 

All re-infected animals showed pathological changes at necropsy which in the 
case of the stomach lining ranged from an acute reaction to the more chronic type. 
Rabbits 15 and 20 were good examples of the acute reaction. The gastric mucosa 
of rabbit 15 showed a necrotic ulcerative area approximately dime-sized and sur- 


rounded by a congested area, whereas in animal 20 the entire gastric mucosa was 
markedly inflamed, hemorrhagic, and ulcerated. These animals died 36 and 63 


days, respectively, after re-infection. 

The remaining rabbits in the re-infected group showed the chronic type of 
lesions. The stomach linings of these animals varied in the extent of involvement 
from 50% to 100% of the total stomach area. The appearance of the gastric lesions 
varied with duration of the infection ; that is, in re-infections of 139 days or less the 
involved areas appeared as plaque-like, whitish, raised, circumscribed areas. The 
plaques had a white necrotic appearance and were covered with a diphtheritic-like 
membrane. Within these plaques were slight indications of lobulation or bossela- 
tion. Brown pin-point hemorrhages were scattered over the affected areas. The 
re-infections of a year’s duration or more were characterized, in addition to the 
above, by a more extensive lobulation. In one animal (59) the entire gastric mu- 
cosa was edematous. Rabbits 13, 14, 15, 53 and 59 showed severe emaciation. 

Microscopic examination of stomach sections from rabbits 18, 27, 50, 53 and 
59 showed considerable sloughing of the surface epithelium ; in fact, in some areas the 
gastric glands were exposed. A thick layer of cells, cellular debris, and necrotic 
material covered the mucosa forming a diphtheritic-type membrane. Within this 
layer the majority of worms were observed, although, occasionally, worms were 
seen in a more deep-seated location in the mucosa. (This emphasizes the value of 
the artificial gastric digestion technique.) The mucosa itself showed a progressively 
higher degree of tissue alteration and cellular infiltration from the muscularis mu- 
cosa to the surface epithelium. Large numbers of lymphocytes were present in the 
mucosa and occasionally in the submucosa. Some eosinophils were observed but 
the lymphocyte was the principal infiltrating cell. 

Bi-weekly blood examinations consisting of packed cell volume, hemoglobin, 
white blood cell and differential counts were made on the initially infected animals 
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and the uninfected controls. Periodic blood examinations were also made on re- 
infected animals. No consistent differences between the infected and uninfected 
were noted. However, rabbit 59 developed a white count of 16,650 and rabbits 36 
and 53 showed 15.4% and 16.5% eosinophils, respectively, at points in the infection. 


SUMMARY 


Some of the quantitative aspects of Trichostrongylus axei infections in rabbits 
were studied. Subjecting the data from 34 Flemish rabbits 6 to 12 weeks old, to 
three methods of LDs. anaylsis, values of 13,000, 11,800, and 13,000 were obtained. 
In initial infections the worm recovery ranged from 6% of 16,000 larvae adminis- 
tered to 31% of 4,000 larvae administered, and averaged 18.6%. In re-infections the 
worm recovery ranged from 0.5% of 173,000 larvae administered to 15.5% of 44,- 
700 larvae administered, and averaged 4.6%. In initial infections of 6- and 12-week- 
old rabbits the interval between infection and death at the various larval doses 
ranged from 31 to 72 days, with an average of 51.2 days. An average pre-patent 
period of 22.7 days and a male/female ratio of 0.82 were observed. The distribution 
of adults in the alimentary canal was found to vary with the length of time between 


death and necropsy. Over 90% of the worms were intimately associated with the 
gastric mucosa and following death of the host a migration or mechanical transloca- 


tion occurred to the stomach contents, which in some cases continued to the small 
intestine. The female worms averaged 20.4 eggs/24 hours/female. 

From the re-infection studies it was concluded that: (1) superimposed infec- 
tions were possible; (2) egg counts were increased; (3) greater worm burdens 
than in initial infections were established; (4) the male/female ratio and eggs /24 
hours /female averaged 0.66 and 29.9, respectively. 

The pathological effects in initial infections and re-infections are discussed. 
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GAMETOGENESIS IN SCHISTOSOMATIUM DOUTHITTI (CORT) 
(SCHISTOSOMATIDAE: TREMATODA)* 


MARTHA MALONE NEz** AND RosBert B. SHORT 


Department of Zoology, Florida State University, Tallahassee 


The complicated life cycles of digenetic trematodes, with multiplication in the 
larval stages, has stimulated a considerable amount of investigation on reproductive 
processes in this group. Much work, especially by Cort and his coworkers, has been 
done on reproduction in sporocysts and rediae (see Cort, Ameel, and Van der 
Woude, 1954). Others have reported on gametogenesis in the adult stage. The 
results of the various studies are in general agreement and the chromosome behavior 
during gametogenesis in trematodes follows the pattern usually seen in other ani- 
mals. Such studies, including those dealing with chromosome numbers and mor- 
phology, should aid in clarifying relationships within this group. 

Most of the earlier literature on gametogenesis in trematodes is cited by Cable 
(1931), and Britt (1947) has listed reports on hermaphroditic flukes to that time. 
The most recent papers are by Dhingra (1954a, b, c; 1955a, b, c), Van der Woude 
(1954), Dunn (1955), Guilford (1955), Ciordia (1956), and Perkins (1956). 

To date, reports, often very brief, have been made on over 60 species in about 
37 genera of trematodes. Members of all but 2 genera are digenetic, and of these 
only 4 species are schistosomes, all in the genus Schistosoma: S. haematobium and 
S. bovis (Lindner, 1914), S. japonicum (Faust and Meleney, 1924; Severinghaus, 
1928; Ikeda and Makino, 1936), and S. mansoni (Niyamasena, 1940). These 
papers on schistosomes have dealt almost entirely with spermatogenesis. The pres- 
ent report concerns oOgenesis as well as spermatogenesis of a species in another 
genus, Schistosomatium, and the observations on spermatogenesis differ in certain 
respects from the above reports. An abstract of some of the results herein pre- 
sented has been published (Nez, 1954). Information on chromosome morphology 
and sex chromosomes will be omitted since subsequent reports will deal more 
specifically with these subjects. 


MATERIALS AND METHODS 


The stock of S. douthitti was supplied by Dr. I. G. Kagan who kindly sent us 
infected and uninfected snails (Lymnaea palustris Muller) from Chicago, Illinois. 


The parasites were maintained in the progeny of these snails and in C3H mice. 
The techniques used are described in detail by Kagan, Short, and Nez (1954). 
Worms used for study of spermatogenesis and the early stages of oogenesis 


were obtained from mice which had been infected with more male worms than fe- 
males. Thus, the female worms were assured, insofar as possible, of mates. Male 
worms in copula and unmated ones were studied and compared with no difference 
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being noted. The eggs in which later stages of oogenesis, fertilization and cleavage 
were studied were in sectioned mouse gut. These hosts also had been infected with 
more male worms than females, and especially heavy infections were produced to 
insure an abundance of eggs in the gut wall 

Several fixatives were used, including Bouin’s, warm Bouin’s (50-60° C), 
Bouin’s plus urea, Carnoy’s, Sanfelice’s, and Flemming’s strong. Bouin’s and San- 
felice’s gave the best results. Sections were stained in iron haematoxylin and many 
were lightly counterstained with Orange-G. Worms and tissues sectioned at 8 to 
10 microns gave the most satisfactory picture. 

In order to obtain entire rosettes of the different stages of spermatogenesis, 
smears of male worms were made. Some were fixed and stained in aceto-orcein ; 
others were fixed in osmic acid vapors for 1 minute followed by 1% chromic acid 
for several minutes and stained with iron haematoxylin. The latter method proved 
to be better. Mature, living sperm were studied with a phase contrast microscope. 


OBSERVATIONS AND DISCUSSION 
Spermatogenesis 
The male reproductive system has been described by Price (1931) and its de- 
velopment traced by El-Gindy (1954). The testes are composed of numerous fol- 
licles situated between the intestinal ceca in the anterior portion of the hindbody. 
From each follicle leads a short duct, the vas efferens, which joins the vas deferens 
directly or unites with the duct from an adjacent follicle before doing so. During 
development, follicles increase in number by division. Even in mature worms some 
follicles appear to be partially divided, some being so deeply lobed that they give 
the impression of 2 or more follicles broadly united and discharging through a com- 
mon duct. 
Follicle content. In each follicle of the testes occur primordial germ cells and 
subsequent stages of spermatogenesis. The primordial germ cells divide mitotically 


giving rise to primary spermatogonia. Each primary spermatogonium divides to 


form secondary spermatogonia which remain connected by their cytoplasm. Simi- 
larly, the 2 secondary spermatogonia divide to form a group of 4 tertiary spermato- 
gonia. Eight primary spermatocytes are formed next, all connected by slender 
cytoplasmic strands radiating from a common center. The first meiotic division 
gives rise to a mass of 16 small secondary spermatocytes which quickly divide to 
form a rosette of 32 spermatids still attached centrally. Spermiogenesis proceeds 
simultaneously in these 32 cells and the mature spermatozoa emerge, each leaving 
behind a small residual cytoplasmic mass representing a part of the cytoplasm of 
the original spermatid. 

The relative positions within a follicle of the various groups of cells in the dif- 
ferent developmental stages is rather constant (Fig. 1). The primordial cells oc- 
cur singly or in small irregular groups flattened along the wall in the half of the 
follicle proximal to the opening of the vas efferens (Figs. 2, 3). Usually a mass 
of closely packed cells may be seen in this proximal area. In some follicles this 
mass appears to block the opening to the duct while in others a narrow space is 
evident between the follicle wall and the mass. When 2 follicles are broadly joined 
and discharge through a single duct, the mass of cells is continuous through the 
connection. It is believed (for reasons stated below) that this group of cells is com- 
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posed of the primary, secondary, and tertiary spermatogonia. 

The primary and secondary spermatocytes, spermatids, spermatozoa, and resid- 
ual cytoplasmic bodies usually occupy the more distal portion of each follicle. Here 
they often lie free in the lumen with each group and individual cell easily distin- 
guishable due to the uncrowded condition existing in this area as well as to the 
variation in size of the cells in the different stages and to the different number of 
cells forming each group. 

The rosettes of spermatids usually lie free in the distal part of the follicle or 
against the wall farthest from the opening. Here spermiogenesis occurs. Most 
of the spermatozoa migrate along the wall of the follicle toward the duct opening 
and many were usually seen in the small space between the follicle wall and the 
spermatogonial cells. A few spermatozoa apparently penetrate this mass, since in 
sections several were always found within it. 

Different worms furnished predominately different stages. The testicular folli- 
cles of one worm would abound in divisional stages of the spermatogonia while those 
of another would contain no spermatogonial divisions. Secondary spermatocytes 
in division were especially sporadic in occurrence. 

Primordial germ cells and spermatogonia. The nuclei in a majority of primordial 
cells appear ellipsoidal (Fig. 2). Most of these cells were found in interphase, but 
occasionally divisions were found. In sectioned worms the cell membranes of the 
individual primordial cells often were not discernible. Several facts indicate that 
the mass of cells in the proximal portion of each follicle is a mixture of primary, 
secondary, and tertiary spermatogonia. Primordial cells which give rise directly 
to spermatogonia occur in that area; furthermore, normal spermatocytes or sper- 
matids have never been seen within this mass, and in the distal portion of the folli- 
cle spermatogonia have not been identified. The size of spermatogonial cells varies 
considerably and suggests considerable growth after each division (Fig. 1). 

Over 90% of the spermatogonia were seen in interphase or prophase. All cells 
undergoing mitosis within these masses are relatively large whether they are single 
cells (in which case they are very large), a pair of cells, or a group of 4. Occasion- 
ally 1 extremely large cell was found among the spermatogonia (Fig. 4). If 2 such 
cells occurred they were never close together. It is believed that’ these cells are 
primary spermatogonia. Their nuclei are almost always elongate or oval, stain 
rather darkly, and feature a large nucleolus. 

In very late prophase and prometaphase the chromosomes in primary spermato- 
gonia are for the most part short, thick, darkly staining rods (Fig. 5). In cells 
with chromosomes so condensed it was easy to count a total of 14. At metaphase 
a spindle forms, but asters or centrioles have not been seen here or in any other 
divisions of germ or somatic cells. 

The daughter cells formed by the division are the secondary spermatogonia, 
very few of which could be identified with certainty. A pair in early prophase is 
illustrated in Figure 6. The 2 cells undergo mitosis simultaneously with the plane 
of division perpendicular to that of the first division, resulting in a plate of 4 closely 
attached cells, the tertiary spermatogonia (Fig. 7). 

The tertiary spermatogonia grow, and attain a size (Fig. 8) equivalent to that 
of the mature secondary spermatogonia. The simultaneous mitotic division of a 
group of tertiary spermatogonia gives rise to a cluster of 8 primary spermatocytes. 
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In addition to the cells described above, many cells were seen within the sper- 
matogonial masses whose exact nature is problematical (Fig. 9). Their nuclei seem 
to be in early prophase. They apparently are not tertiary spermatogonia since they 
occur in groups of more than 4. The fact that the groups are not limited to 8 also 
indicates that the cells are not normal primary spermatocytes. In addition, these 
cells are much smaller than normal primary spermatocytes in any stage, ranging 
from 6-7 microns. The cells in question may possibly represent several groups 
of tertiary spermatogonial cells, all in about the same stage ; however, the presence 
of more than 4 in a group and their generally pyknotic appearance indicate that 
they are disintegrating primary spermatocytes. Normally, spermatocytes were 
observed lying free and uncrowded in the lumen of the follicle. These abnormal 
cells may have arisen from tertiary spermatogonia, located deep within the mass, 
which had divided to form primary spermatocytes which could not break free. Mei- 
osis may have begun, but, under these crowded conditions, reached only mid-pro- 
phase, the nuclei becoming pyknotic and the cells finally disintegrating. Anderson 
(1935) reported similar pyknotic primary spermatocytes in Proterometra macro- 
stoma. 

Primary spermatocytes. These cells presumably break loose from the spermato- 
gonial mass on the edge of which numerous clusters were found. The cells again 
undergo considerable growth. Each cell has a very regular, spherical shape, taper- 
ing abruptly into a short cytoplasmic strand which connects with similar extensions 
of the other 7 cells. Figure 10 was drawn from a smear and shows these connec- 
tions plainly. Each pair of daughter cells derived from a tertiary spermatogonium 
can be ascertained from this figure by noting the relationship of the connecting 
strands. Figure 11, drawn from a section, shows 5 primary spermatocytes in inter- 
phase. 

Meiosis follows the usual pattern with the following prophase stages identifiable : 
Leptotene (Fig. 12), zygotene (Fig. 13), pachytene (Fig. 14), diplotene (Fig. 15), 
and diakinesis (Fig. 16). Figures 17 and 18 illustrate metaphase I. Six larger 
bivalents were characteristically found at the periphery of the plate with the small- 
est near the center. The 2 largest and the smallest can be identified by their sizes. 
Each spindle at metaphase I and II is at right angles to the radius of the rosette 
extending through the center of the spermatocyte. Figures 19-21 show anaphase I, 
and Figure 22 late anaphase and telophase. 

Secondary spermatocytes. These cells are cone-shaped and occur in rosettes 
of 16. Each rosette is approximately 17 microns in diameter. Interkinesis occurs 
(Fig. 23), then metaphase II, anaphase II and a cluster of 32 spermatids results 
(Figs. 24, 25). 

Spermatids and spermatogenesis. The cytoplasm of each spermatid remains 
separate from that of the others in a cluster, except for its central connection. In 


some sectioned preparations cell membranes were difficult to see, and in others 
seemed absent (Figs. 31, 33). However, well-defined cell membranes have been 


observed in smears of equivalent stages (Fig. 32). 

Immediately following formation of spermatids a nuclear membrane appears and 
a true interphase with nucleolus is attained. Soon chromatin strands become evident 
and persist with the nucleolus for a considerable time (Fig. 25). The strands 
eventually form a crescent against the outer part of the nuclear membrane (Fig. 
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26), and the chromatin assumes a granular appearance. The nucleus elongates and 
becomes vacuolated, with the nucleolus (?) usually seen in a clear area near the 
outer tip (Fig. 27). 

These changes in the nucleus are accompanied by cytoplasmic changes. The 
cytoplasm of each spermatid elongates peripherally accommodating the lengthening 
nucleus. From each cytoplasmic tip 2 strands begin to form (Fig. 29). These 
strands become progressively longer and are retained by the mature spermatozoon 
as flagella. The flagella are obvious in smear preparations and are faintly visible 
in sections stained heavily with Orange-G. 

The nucleus continues to elongate; the clear areas in the chromatin increase in 
number with the granule interpreted as a nucleolus still visible in the outermost area 
(Fig. 28). As elongation progresses a pinwheel arrangement of the rosette some- 
times occurs with most of the spermatids curving in the same direction. The 
chromatin again appears as strands, at first indistinct, forming a lattice-like arrange- 
ment (Figs. 30, 31). The granule seen earlier is no longer evident. The nucleus, 
elongating further, twists and coils within the cytoplasm (Fig. 33). Figure 34, 
made from a smear, shows all 32 spermatids. Flattening on the slide caused this 
rosette to spread to a diameter of approximately 25 microns in contrast to 15 mi- 
crons in sections. 

As metamorphosis is completed the nucleus seems suddenly to straighten and 
each spermatozoon emerges from a cytoplamic mass (Fig. 35). These enucleated 
bodies (Fig. 36), seen in most follicles, seem to disintegrate rapidly, because emerg- 
ing or newly formed spermatozoa were always seen in their vicinity. 

Internal details of the spermatozoa were best determined in sectioned material. 
Spermatozoa emerging from their cytoplasmic masses, and apparently for a short 
time thereafter, retain the reticulate nucleus of the late spermatids, with interwoven 
strands lengthwise. Spermatozoan bodies in the vasa efferentia usually stain 
densely and homogeneously. 

The mature spermatozoon consists of a thin body about 30--35 microns long and 
2 flagella, usually 1/3 to 1/2 the body length (Figs. 37, 38). The body often ap- 
pears ribbon-like, especially in newly formed spermatozoa. The anterior end is 
rather blunt, while the posterior end usually appears to taper to a point from which 
the flagella arise. No differentiation of the body into head and middle piece was 
noted, although sometimes with phase illumination, a dense granule, possibly a 
centriole, was observed at the junction of the flagella. 

Although no movement of spermatozoa was seen, the flagella are interpreted as 


being posterior since they arise from the region of the spermatids designated pos- 


terior by other authors. Furthermore, in flagellated spermatozoa in general the 
flagella are considered posterior in position. 

Since the flagella, seen in smears, were at first not evident in sections, spermato- 
zoa from living worms were examined in saline with phase illumination. These 
were obtained from mature male worms and the seminal receptacles of females. 
Such spermatozoa (Fig. 38) appeared similar in size and shape to those in fixed 
and stained smears (Fig. 37). Many spermatozoa in the fresh preparations as well 
as in fixed smears had the posterior tip of the body recurved, forming a loop (Fig. 
38, top spermatozoon ). 

Discussion. Spermatogenesis in S. douthitti is generally similar to that reported 
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in other trematodes. There are, however, several differences which merit consider- 
ation. 

Zonation of cells in the testes as herein described for S. douthitti has not, to our 
knowledge, been described previously in trematodes. 

Clusters of primary, secondary, and tertiary spermatogonia as well as spermato- 
cytes and spermatids have been reported in all hermaphroditic flukes examined. 
However, it is of interest that in spermatogenesis of schistosomes hitherto studied 
the germ cells separate after each division, so that no grouping occurs. Such sepa- 
ration has been reported by Lindner (1914) in Schistosoma haematobium (and 
presumably in S. bovis), by Severinghaus (1928) in S. japonicum, and by Niyama- 
sena (1940) in S. mansoni. In this respect, then, S. douthitti resembles hermaphro- 
ditic flukes rather than the schistosomes parasitizing man. 

In sperm structure, S. douthitti also resembles most hermaphroditic flukes more 
than members of the genus Schistosoma. Among the investigators of spermatogene- 
sis in other trematodes only Dhingra (1954a) described in Jsoparorchis eurytremum 
biflagellated spermatozoa. In this species the spermatozoa are thinner and more 
elongate than those of S. douthitti, with relatively shorter flagella arising from a 
single centrosome. 

Most authors reported spindle-shaped or thread-like spermatozoa in herma- 
phroditic trematodes, and it is often impossible to determine whether or not a fla- 
gellum is present. Some spermatozoa were interpreted as consisting of only an 
elongated chromatin head (Cable, 1931; Anderson, 1935; Britt, 1948; Ciordia, 
1956) ; while others were described or pictured with a single, thin tail, sometimes 
designated a flagellum (Goldschmidt, 1908; Dingler, 1910; Levy, 1914; Chen, 
1937 ; Rees, 1939; Markell, 1943; and others). At least one of this latter type was 
considered entirely nuclear (Markell, 1943). Dhingra (1954c; 1955a, b) reported 
a centrosome, visible in the spermatids, giving rise to a single flagellum in Cyclo- 
coelum bivesculatum, Cotylophoron elongatum and Gastrothylax crumenifer. The 
spermatozoa of Fasciola hepatica as described by Yosufzai (1952) differ from other 
trematode sperm in possessing a small globular head attached to a middle piece 
with a tapering tail. 

3esides the usual elongated spermatozoa 2 other types have been reported ; 
globular ones with no tail in an unidentified species of Asymphylodora (Dhingra, 
1955c) and those in the genus Schistosoma. In S. haematobium and S. bovis, Lind- 
ner (1914) described comma-shaped spermatozoa and pictured those of S. bovis 
as relatively short and thick, rounded anteriorly and tapering to a fine point which 
stained lightly. Faust and Meleney (1924) illustrated spermatozoa of S. japoni- 
cum similar in shape except for a short filament attached at the pointed end. Sev- 
eringhaus (1928) showed spermatozoa of S. japonicum also of similar shape but 
slightly more elongate and possessing a flagellum about as long as the body. The 
flagellum was not visible in preparations stained with iron haematoxylin. Perhaps 
if phase microscopy and special stains were used, flagella would be recognized on 
additional trematode spermatozoa. 

Odgenesis 

Since the female reproductive system has been described by Price (1931) and 

El-Gindy (1954), we need not give details here. However, 2 minor differences 


from previous reports are noted. Laurer’s canal was described by El-Gindy as 
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extending from the dorsal side of the seminal receptacle. In our material Laurer’s 
canal connects with the oviduct immediately after it leaves the seminal receptacle. 
Another point of difference regards Mehlis’ gland which is more extensive than 
shown by Price and El-Gindy. 

The contents of the ovary are not as clearly definable as the stages of spermato- 
genesis in the testes. No clusters are formed and the cells are packed tightly, dis- 
torting their shapes. However, a zonation may be recognized in ovaries of mature 
worms. The primordial cells occupy the periphery, lying next to the ovarian wall. 
These cells vary in size and are actually indistinguishable from the odgonia inter- 
spersed with them (Fig. 39). At the closed anterior end of the ovary the entire 
contents consists of the primordial and odgonial cells. Progressing posteriorly, the 
center of the long, spiraled ovary contains a core of primary odcytes, surrounded by 
a band of cells in earlier stages. This core gradually becomes larger until at the 
posterior end odcytes comprise the entire contents. 

Odgonia. Mitoses occur quite frequently among the peripheral cells. Easily 
three-fourths of all cells in division lie against the wall. These are interpreted as 
primordial cells, from which apparently primary odgonia proliferate. The primary 
oogonia divide, the daughter cells or secondary o6gonia being pushed toward the 


center of the ovary. 

Oogonial mitoses occur in a normal manner. A cell in prophase is shown in 
Figure 40. At prometaphase and metaphase 14 chromosomes were counted (Fig. 
41). 

Mitosis is repeated in cells lying 3 to 5 cells away from the wall. These divi- 
sions seemingly result in primary odcytes. This interpretation is based on the 


fact that all the remaining cells toward the center of the ovary are in interphase 
or meiotic prophase, rather than in mitotic division. 

Primary odcytes. Primary odcytes undergo a relatively brief interphase period 
(Fig. 42), during which they grow, reaching a size approximately the same as that 
of the mature odgonia, with the nuclei approximately 6 microns and the cell 8.5 
microns in diameter. A small nucleolus is present in each. Leptotene occurs (Fig. 
43), then zygotene (Fig. 44) and pachytene (Fig. 45). 

Cytoplasmic growth takes place during these stages. The bivalents then become 
more or less clumped and the nuclear membrane becomes indiscernible (Fig. 46). 
The central core of the ovary is filled with cells such as those shown in Figures 45 
and 46. In the posterior coil of the ovary the bivalents usually become diffused 
and the nuclear membrane is again visible (Fig. 47). No typical diplotene was 
observed. As the odcytes approach the posterior end of the ovary they usually 
appear as shown in Figure 48. The odcyte nucleus remains in this diffuse condi- 
tion in the uterus with further development occurring only after eggs are deposited 
in host tissues. In a few worms nuclei of odcytes in the posterior part of the ovary 
and in the uterus appeared to be in pachytene or early diplotene. No odcytes were 
observed in the oviduct. Penetration of the odcyte by a spermatozoon presumably 
occurs in the oviduct soon after the odcyte leaves the ovary, for a single elongated 
spermatozoon was usually seen within the cytoplasm of oocytes of eggs in the odtype 
and uterus (Figs. 49, 74). Flagella of spermatozoa were not seen in these prepa- 
rations and their fate is not known. 

Eggs in host tissues. Eggs are deposited in groups in the portal veins and are 
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most numerous in the gut wall. The earliest stages here appear similar to those in 
the worm’s uterus (Fig. 50). The odcyte seems to enlarge soon after egg deposi- 
tion, since some odcytes of a group, presumably deposited at about the same time, 
are considerably larger than others (Fig. 51). Soon the nuclear membrane disap- 
pears, the bivalents become visible and diakinesis occurs. Figures 55 and 56 illus- 
trate metaphase I. In favorable preparations 7 bivalents could be counted, with 
relative sizes similar to those of metaphase I in spermatogenesis (Fig. 17). The 
spermatozoan nucleus lies at the periphery of the plate and during anaphase I ( Figs. 
57, 58) remains with the chromosomes of the secondary odcyte. Two polar bodies 
are formed; Figure 59 shows the first. Metaphase II is shown in Figure 60, with 
the sperm nucleus again near the periphery of the plate. After this division the 
female pronucleus becomes vesicular ; the first polar body separates from the ovum 
and sometimes its nuclear material divides (Figs. 61,62). The second polar body 
remains closer to the ovum and is sometimes distinguished by its vesicular appear- 
ance (Figs. 62, 66). 

Fertilization and early cleavage. After formation of the second polar body the 
sperm nucleus assumes a vesicular form characteristic of the male pronucleus (Figs. 
63, 64) and the cytoplasm of the ovum enlarges to accommodate the 2 pronuclei. 
Several cells were encountered with the 2 pronuclei in prophase (Fig. 66). From 
this it is concluded that normally the 2 pronuclei undergo prophase separately with 
the 2 sets of chromosomes mingling first on the metaphase plate. One nucleus such 
as shown in Figure 65 was seen. This appeared similar to the so-called fusion nu- 
clei described by some authors and suggests occasional direct fusion of pronuclei. 
However, because of the preponderance of stages such as those pictured in Figures 
66 and 67, direct fusion of pronuclei is not considered normal in S. douthitti. In 
Figure 68 2 haploid sets of chromosomes can be seen in prometaphase, and in Fig- 
ure 69 the diploid complement can be seen at metaphase of the first cleavage. 

The first cleavage results in 2 cells of unequal size (Fig. 70). The larger cell 
next divides (Fig. 71) resulting in a 3-celled embryo (Fig. 76). 

Egg shell formation. As the vitelline cells mature in the vitellaria and pass 
through the ducts, their development and fate can be traced. Young cells in the 
vitellaria are much smaller than mature ones and average about 9.5 microns in diam- 
eter. Many of them were seen dividing and 14 chromosomes were consistently 
counted at metaphase. After considerable cytoplasmic growth and accumulation 
of granular material, the cells reach a diameter as great as 17 microns and collect 
in the small ducts leading from the vitellaria. The granules which later play a role 
in egg-shell formation are now well developed and are more or less evenly dispersed 
through the cytoplasm (Fig. 72). As the cells move forward in the main vitelline 
ducts the granules become rearranged so that in cells entering the common vitelline 
duct practically all granules lie near the cell membrane (Fig. 73). By the time 
the cells enter the ootype all the granules have passed out of the cytoplasm and lie 
free in the ootype. 

With proper fixation and staining, granules similar in appearance to those liber- 


ated by the vitelline cells may be seen somewhat flattened on the inner surface of 
newly formed egg shells, contributing to the shell structure (Fig. 74). The ootype 
also apparently contributes material for at least part of the outer layer of the shell. 
Some nuclei of the odtype appear to be scattered sparsely through a cytoplasmic 
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syncytium, each causing a slight bulge into the lumen (Fig. 74) ; other nuclei are 
located in pyramidal extensions of the cytoplasm with their inner tips ill-defined 
(Fig. 75). These tips often appear to be continuous with material destined to 
form part of the egg shell. It thus seems that the egg shell is derived from at least 
2 sources, the vitelline granules and the wall of the odtype. The role of Mehlis’ 
gland was not investigated. As far as our observations go, they agree with the 
more detailed account of Gonnert (1955) on egg-shell formation in Schistosoma 
mansoni. 

Discussion. Odgenesis, fertilization and cleavage in S. douthitti follow the pat- 
tern generally reported for trematodes. One difference is that maturation and 
fertilization in S. douthitti, and presumably in other schistosomes as well (see 
below), are completed only after the eggs are deposited in host tissues. 

The present report appears to be the first dealing with polar body formation and 
completion of fertilization in schistosomes. Observations of others on odgenesis in 
this group are limited to stages in the ovary and uterus. Insofar as they go, these 
observations are in general agreement with the present findings. Severinghaus 
(1928) described odgonia in Schistosoma japonicum and noted that maturation 
was not completed in the ovary. On leaving the ovary the odcyte was in the dif- 
fuse state which persisted until eggs were deposited. Niyamasena (1940) likewise 
described o6gonia in S. mansoni and followed primary odcytes through leptotene 
and pachytene to the resting stage in which they left the ovary. 

Severinghaus and Niyamasena noted in their material a zonation of cells in the 
ovaries similar to that seen in S. douthitti, with odgonia forming a hollow cap at 
the anterior end. 
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SUMMARY 


Spermatogensis and odgenesis as herein described for S. douthitti follows in 
general the pattern reported for other trematodes. 

During spermatogenesis a primary spermatogonium gives rise by 3 mitotic 
divisions to 8 primary spermatocytes. Two maturation divisions result in a cluster 
of 32 spermatids. 

Mature spermatozoa are composed of thin, elongate bodies, each with 2 flagella. 

A zonation of cells occurs in testicular follicles. In each follicle spermatogonial 
cells usually form a mass near the opening of the vas efferens, while clusters of 
spermatocytes and spermatids occupy the distal region. 

Odgenesis usually progresses through pachytene to a diffuse condition, in which 


state the odcytes leave the ovary. Maturation and fertilization are completed after 


eggs have been deposited in host tissues. 
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EXPLANATION OF PLATES 


All drawings were made with the aid of a camera lucida, except for those of mature sper- 
matozoa examined with phase illumination. All drawings except Figure 1 were made to the 


same scale and, except where indicated, were made from sectioned material. The letter ‘“‘c 
near a drawing of spermatids designates the center of the rosette. 


PLATE I 


Figure 1. Section of testicular follicle showing positions of cells in different stages of 
spermatogenesis. 

Ficures 2, 3. Primordial germ cells in prophase lying against the testicular membrane. 

Figure 4. Primary spermatogonium in interphase. 

Ficure 5. Primary spermatogonium in prometaphase, polar view. 

FicurE 6. Secondary spermatogonia in early prophase. 

Figure 7. Tertiary spermatogonia in prophase. 

Figure 8. Tertiary spermatogonia in prometaphase and late prophase; a and b from ad- 
jacent sections. 

Figure 9. Cell with pyknotic nucleus from a spermatogonial mass. 

Ficure 10. Outline of 8 primary spermatocytes showing the connecting cytoplasmic strands. 
Smear preparation. 

Ficures 11-21. Primary spermatocytes. 

Ficure 11. Interphase. 

Figure 12. Leptotene. 

Ficure 13. Zygotene. 

Ficure 14. Early pachytene. 

Ficure 15. Diplotene in 3 cells; a and b are from adjacent sections. 

Ficure 16. Diakinesis. 

Ficure 17. Metaphase I, polar view. 

Ficure 18. Metaphase I, side view. 

Figures 19-21. Anaphase I. 

PLATE II 


Figure 22. Secondary spermatocytes recently formed; one primary spermatocyte in telo- 
phase. 

Ficure 23. Secondary spermatocytes in interkinesis. 

Ficure 24. Portion of spermatid cluster recently formed. 

Ficure 25. Spermatids showing chromatin in strands. 

Ficure 26. Spermatids, chromatin material forming a crescent. 

Ficures 27, 28. Spermatids elongating. 

Ficure 29. Spermatids showing cytoplasmic strands and cell membranes. Smear prepa- 
ration. 

Ficure 30. Spermatids elongating, chromatin strands in nucleus. 

Ficure 31. Spermatid showing chromatin strands more pronounced. 

Figure 32. Spermatids showing cytoplasmic origin of the flagella. Smear preparation. 
The central connections have been broken. 

Ficure 33. Spermatid nuclei coiling. 

Ficure 34. Entire rosette of 32 spermatids, showing 2 flagella originating from each cell. 
Smear preparation. 

Ficure 35. Four spermatozoa, each leaving a residual cytoplasmic body. 

Ficure 36. Residual cytoplasmic bodies lying near the testicular membrane. 

Figure 37. Mature spermatozoa twisted, showing ribbon-like structure. Smear prepara- 
tion. 

Ficure 38. Mature spermatozoa drawn from living material, with phase illumination. 


PiatTe III 


Ficure 39. Odgonia in interphase near ovary wall. 
Ficure 40. Odgonium in early prophase. 
Ficure 41. Odgonium in prometaphase. 
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Figures 42-48. Primary odécytes. 


Figure 42. 
Ficure 43. 
Ficure 44. 
Ficure 45. 
Ficure 46. 
Figure 47. 
FIGURE 
FIGURE 
Figure 5 
Ficure 5 
elongate. 
FIGURES 
FIGURE 
FIGURE 
FIGURE 
FIGURE 
FIGURE 
lower group. 
Ficure 59. 
oocyte. 
Ficure 60. 
Ficure 61. 


52 
4. 
2. 
6. 
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Interphase. 

Leptotene. 

Late zygotene. 

Pachytene. 

Pachytene bivalents congregated, prior to the diffuse stage. 

Chromosomes dispersing. 

Chromatin in the diffuse stage ready to leave ovary. 

Primary o6cyte with spermatozoon, from egg in uterus. 

Primary odcyte with spermatozoon, from egg recently laid in host tissue. 
Primary odcyte after a period of growth in host tissue, spermatozoon still 


& 53. Primary odcytes, with spermatozoa shortening. 

Late prometaphase I. Spermatozoon has become spherical. 

Metaphase I, showing 7 bivalents, and the spermatozoon to left. 

Metaphase I, showing 7 bivalents and the spermatozoon above. 

Early anaphase I. Spermatozoon to right. 

Late anaphase I, spermatozoon to the left of and overlapping chromosomes in 


Secondary odcyte, prophase II; spermatozoon to right, first polar body below 


Metaphase II, spermatozoon and first polar body. 
Ovum with female pronucleus; sperm beginning to diffuse, first polar body 


with chromatin divided, second polar body still adjacent to ovum. 


FIGcureE 62. 


First polar body with chromatin divided, second polar body vesicular; from 


an egg containing 2 pronuclei. 


Ficure 63. 


Ficure 64. 
Ficure 65. 
FiGurRE 66. 
FiGurRE 67. 
Ficure 68. 
Ficure 69. 
Ficure 70. 
Ficure 71. 
Figure 72. 
Figure 73. 
Ficure 74. 


Female pronucleus, male pronucleus forming; first and second polar bodies. 


PLaTe IV 


Male and female pronuclei; first and second polar bodies. 

Cell with what appears to be a zygote or fusion nucleus in interphase. 
The two pronuclei, each in prophase. 

Late prophase of first cleavage division. 

Zygote in prometaphase with the chromosome in two groups. 
Zygote in metaphase, 14 chromosomes. 

Two-celled embryo and polar bodies. 

Two-celled stage, metaphase of second cleavage. 

Vitelline cell in a subsidiary duct. 

Vitelline cell in main vitelline duct. 

Egg leaving odtype, showing six vitelline cells and the primary odcyte with 


a spermatozoon within its cytoplasm. Note granules on inner surface of egg shell. 


Ficure 75. 
FicureE 76. 


Two nuclei in o6type wall. 
Egg containing three-celled embryo surrounded by vitelline cells. 
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PLATE IV 





NOTES ON SARCOSPORIDIA OF BIRDS IN PANAMA* 
MicHae. J. TAKos 


Department of Tropical Public Health, Harvard School of Public Health 
Harvard University, Boston, Massachusetts 


Darling (1915) was the first to observe Sarcocystis infecting a Panamanian 
bird, the host being Ghiesbrecht’s hawk, Leucopternis sp. Later, Clark (1920) 
recorded finding these organisms in turkey buzzards, black vultures, and “wild tur- 
keys” (curassows) indigenous to the Isthmus. In the host-catalogue list compiled 
by Erickson (1940), infection by sarcosporidia is reported from 21 species of birds 
from all parts of the world. This list of avian hosts has since been expanded to 
include approximately 29 species. 

During the present study, Sarcocystis sp. was found in 3 new avian hosts: the 
Central American squirrel cuckoo (Piaya cajana thermophila) ; the short-billed 
toucan (Rhamphastos piscivorus brevicarinatus) ; and the collared toucan or ari- 
cari (Pteroglossus t. torquatus). A hawk, Leucopternis ghiesbrechti costaricensis 
(probably the same host species Darling reported in 1915) also was found infected 
in the present study. These infected birds were found in a lot of 36 specimens, 
representing 21 species, examined for Sarcocystis. They were collected in 1952-53 
from areas of Panama near the Canal Zone, while the writer was at the Gorgas 
Hospital Laboratory. Each bird was examined for intestinal and blood parasites. 
Blocks of tissue routinely were cut from the vital organs and muscle and preserved 
in 10% formalin for the later preparation of sections which were stained with hema- 
toxylin and eosin. Generally, Sarcocystis infection was noted only during the 
microscopic examination of striated muscle sections. However, the sarcocysts in 
the collared aricari were seen while the bird was being skinned. 

In the one infected aricari of the 4 examined, the back, breast, thigh, and neck 
muscles of the bird contained numerous elongated yellow capsules which were 
1 to 1.5 mm long and about half as wide. Some of the capsules were removed, 
ruptured, and the contents stained with Giemsa’s stain after heat fixation. Banana- 
shaped sporozoites, 3 to 4.5 microns long and about 1 micron wide, with subterminal 
nuclei were demonstrated. In longitudinal sections, the largest sarcocyst was 1.23 
mm long and 0.339 mm wide at the point of greatest diameter. The cysts were 
oval in shape and bounded by a thin membranous wall. Many sarcocysts were 
measured which ranged from 0.462 to 0.678 mm long and 0.123 to 0.354 mm wide. 
There was also a large number of very much smaller cysts ranging from 0.046 to 
0.154 mm in‘length and 0.031 to 0.092 mm in width. The large cysts, those over 
0.3 mm in diameter, were divided into numerous honeycomb-like chambers at the 
central portion of the cyst, the “Kammerung” of Miescher. The central chambers 
were free of sporozoites and contained only a few scattered ovoid bodies, 2.2 to 
4.5 microns in diameter which stained pale pink with eosin. Sporozoites were 
densely packed into similar chambers in the peripheral portions of the sarcocysts. 

The Sarcocystis parasitizing the aricari produced marked distortion of the in- 
fected muscle fibers. There was no evidence of tissue reaction to the parasites in 
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the aricari, nor in any of the other infected birds; furthermore, in no instance was 
pathology attributable to Sarcocystis infection found in the viscera. Only voluntary 
striated muscle fibers were infected ; the parasites were not found in the myocardium. 

Three squirrel cuckoos were examined but only 1 was infected by Sarcocystis. 
In longitudinal sections the cysts were fusiform in shape, with extremely elongated, 
finely tapering ends. The largest was 0.92 mm long and 0.046 mm wide at its 
greatest diameter. Others ranged from 0.271 to 0.82 mm long and were 0.028 to 
0.046 mm wide at the mid-point. In cross-sections, the sarcocysts were ovoid in 
shape, the enclosing walls were thin and ill-defined, and there was no evidence of 
“Kammerung,” nor any indication of distortion of the infected muscle fibers. The 
falciform sporozoites were rounded at one end and tapered at the other; they were 
4.5 microns long and 1.5 micron wide. Although the parasites were quite numer- 
ous, they were not detected while the bird was being skinned. These fusiform sar- 
cocysts differ markedly from Sarcocystis corderoi which Vogelsang (1929) de- 
scribed from the Guira cuckoo of Uruguay. It probably is a new species of Sarco- 
cystis; however, it is not being reported as such at this time since the forms seen 
may represent immature stages in the development of the parasite. 

One short-keeled toucan was examined and found to be infected. In oblique 
sections, the sarcocysts were oval in shape and measured 0.098 to 0.102 mm in 
length and 0.028 to 0.039 mm wide. Two immediately recognizable size groupings 
of cysts were noted while examining cross-sections of striated muscle; the larger 
cysts were 0.035 to 0.046 mm in diameter, while the smaller were under 0.018 mm. 
The cysts were enclosed in a well-defined eosinophilic wall without striations, and 
there was no evidence of ““Kammerung.”” The sporozoites were too densely packed 
within the capsules to permit measurement. These parasites were very common. 

In the only specimen of Ghiesbrecht’s hawk examined, the infection was sparse, 
and few cross-sections of Sarcocystis were found. They measured from 0.032 to 


0.042 mm in diameter. In all respects they closely resembled Sarcocystis sp. found 


in the short-billed toucan, and were similar to the parasites observed by Darling. 

Spindler and Zimmerman (1945) described cultivation of a fungus, an Asper- 
gillus, from Sarcocystis infecting the domestic pig. They reported the production 
of heavy infections of Sarcocystis in about half of the experimental animals fed mate- 
rial from such cultures. Because of these observations, an attempt was made in 
the present study to cultivate the sporozoites from the collared aricari on various 
media commonly used for the growth of fungi. 

The aricari was skinned on November 30, 1952 after storage in the autopsy 
room refrigerator for nearly 24 hours. Eighteen cysts were removed aseptically 
from the pectoral muscles, crushed individually, and the contents of each streaked 
on separate slants of media (8 gelatin slants and 10 slants of Sabouraud’s glucose 
agar). Half of the inoculated slants were incubated at 37° C while the remainder 
were maintained at room temperature (averaging from 80 to 85° F). No growth 
was seen until January 20, 1953, when a small button of filamentous white hyphae 
appeared on | slant of Sabouraud’s medium maintained at room temperature. This 
culture was observed as it grew slowly for over a month; it was subcultured, and 
later identified by its morphological and cultural characteristics as an Asper- 
gillus, of a type well known as a slow-growing contaminant of culture media (Con- 
ant et al, 1944). None of the other slants showed growth. The gelatin slants 
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were discarded as this medium dried out, but the other Sabouraud slants were 


maintained until March 16 with negative results. 
Species of birds examined, which were negative for Sarcocystis included the 


following: Crested guan (2); short-billed motmot (2); Verreaux’s dove (1); 
cacique (1); Tovi parakeet (1); Dyson’s puffbird (3); Lawrence’s woodhewer 
(1); massena trogon (2) ; graceful trogon (1); tinamou (1) ; thrush-tanager (1) ; 
smooth-billed ani (6) ; grey-headed guan (1); Talamanca jay (1); great curassow 
(1); sparrow hawk (1); and blue grosbeak (1). 


SUMMARY 
Three new avian hosts of Sarcocystis sp. were found in Panama: the squirrel 
cuckoo, short-billed toucan, and collared aricari. The parasite was also found in 
a Ghiesbrecht’s hawk, which has previously been reported as a host. Four of 36 
birds examined were found to be infected. An unsuccessful attempt was made 
to culture the Sarcocystis of the collared aricari on media suitable for fungi. 
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RESEARCH NOTE 


TYPE HOSTS OF THE BAT TREMATODES, PROSTHODENDRIUM OLIGOLECI- 
THUM MANTER AND DEBUS, 1945, AND ACANTHATRIUM 
MACYI SOGANDARES-BERNAL, 1956. 


The complete, correct name of the type host is an important part of the taxonomic de- 
scription of a parasite. Two species of bats with which I am familiar have recently been 
designated as type hosts of trematodes. The identity of these bats, as reported in the original 
descriptions of the parasites, is in need of clarification. 

The type host of Prosthodendrium oligolecithum Manter and Debus, 1945, was reported as 
“Myotis californicus (Audubon & Bachman)” (Trans. Amer. Micros. Soc. 64: 297, October, 
1945). The bat from which the holotype and other 4 specimens of P. oligolecithum were 
obtained is No. 2006 in the mammal collection of the University of Nebraska State Museum. 
Upon reéxamination, the bat proves to be an eastern pipistrelle, Pipistrellus subflavus subflavus 
(F. Cuvier, 1832). Manter and Debus also reported Plagiorchus micracanthos from this same 
bat. 

The type host of Acanthatrium macyt Sogandares-Bernal, 1956, was originally reported as 
“Pipistrellus sp.” (1956, J. Parasitol. 42: 202). The bat from which the holotype and other 
specimens of A. macyi were obtained is No. 299077 in the mammal collection of the U. S. 
National Museum. More precisely it is Pipistrellus savii coreensis Imaizumi, 1955. The locality 
of the type host was listed as “Korea (No other data on collection label).” The specimen of 
P. s. coreensis in question, a female, was obtained by me 6 miles east of Seoul, 30 meters 
elevation, Korea, on July 10, 1954. Sogandares-Bernal in the same paper also reported speci- 
mens of Plagiorchis vespertilionis (Miiller, 1780) from this same pipistrelle—J. KNox Jones, 
Jr., Museum of Natural History, University of Kansas, Lawrence. 





PARASITES OF THE MOURNING DOVE (ZENAIDURA MACROURA 
CAROLINENSIS) IN ILLINOIS* 


Harotp C. HANnson,* NorMAN D. LEvINE,** CHARLES W. Kossack,* 
SmpNEY KANToR** AND Lewis J. STANNARD* 
Illinois Natural History Survey, Urbana, Illinois* 
and College of Veterinary Medicine and Agricultural Experiment Station, 
Univ. of Illinois, Urbana, Illinois** 


Recent concern over the status of the mourning dove (Zenaidura macroura 
carolinensis) in the eastern United States has stimulated considerable research on 
this bird. The present paper reports the results of a parasite survey made in IIli- 
nois during the 7 years, 1948 thru 1954. This was one phase of a broad study of 
the mourning dove carried out by the Illinois Natural History Survey. 

Part of the findings on blood protozoa have been presented in abstract form by 
Levine, Hanson and Kossack (1952, 1953). 


MATERIALS AND METHODS 


The mourning doves used in this study were collected in the field by shooting. 
Most were obtained during the first 2 weeks of the Sept. 1-30 hunting season, but 
others were collected in late summer or late in the hunting season. A few were 
nestlings. Blood smears were made from 464 doves. They were usually made 
within a few minutes after the doves had been taken in the field, altho smears of 
some of the doves from Cook County were made from the heart blood several hours 
after death. Upon return to the laboratory, the smears were fixed with methyl 
alcohol, stained with Giemsa’s stain, and searched for 10 minutes under the oil 
immersion microscope objective. 

Sex and age were determined by dissection, and the age of the immature birds 
was determined more closely by the primary molt stage. 

Since a high incidence of Haemoproteus was observed in the first year of the 


survey, a search was made for its probable vector. About 150 doves were placed 


in tightly sealed envelopes almost immediately after having been killed, and both 
the doves and the envelopes were examined for hippoboscid flies in the laboratory. 
In addition, all the birds collected were inspected at least cursorily for ectoparasites 
while being plucked for weight and fat studies. The plucked feathers of several 
of them were placed in Berlese funnels to collect ectoparasites. Finally, 42 nests 
were placed in Berlese funnels to collect their arthropod denizens. 

The viscera of more than 50 doves were fixed in formalin for helminth examina- 
tion. 

RESULTS 

Blood Parasites. By far the most common blood parasites were Haemoproteus 
saccharovi and H. maccallumi. The prevalences of these two species in relation to 
age of host are given for each year in Table I. The prevalence in the 392 immature 
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186 





HANSON ET AL—PARASITES OF MOURNING DOVE 


TaBLe I.—Annual prevalence of Haemoproteus in the mourning dove, 
Zenaidura macroura carolinensis, in Illinois 





Percent Infected 





No. Birds Haemoproteus 


Double ™ 
Year Examined sacharovi Total 


H. maccallumi Infections 





Imma- Imma- Imma- Imma- Imma- 
ture Adult “tore Adult tare Adult ture Adult ture Adult 





22 45 25 27 63 f (13) 68 75 
40 { 30 (10) 3 60 
44 30 (4) 5 70 
75 g 50 (50) 
63 75 ; (50) 
20 é 80 (0) 


Total or Mean 392 ‘ 43.1 43.1 (14.0) (13.9) 79.4 








doves ranged from 54% in 1950 to 88% in 1952, with a mean of 79.4% ; that in the 
72 adults ranged from 60% in 1949 to 100% in 1952, with a mean of 72.2%. Even 
though the mean incidence of infection was almost the same for immature and adult 
birds, there was a marked difference in the species present. H. sacharovi was twice 
as common in the immature birds as H. maccallumi, the incidences of the two spe- 
cies being 58.2% and 29.8%, respectively. In the adults, on the other hand, the 
two species were equally common, being 43.1% for both. 

The observed prevalence of each species varied markedly from year to year in 
both age-groups. That of H. sacharovi in the immatures varied from 45% in 1948 
to 78% in 1954; in the adults it ranged from 20% in 1953 to 75% in 1951, but 
these figures are based on insufficiently large samples. The incidence of H. mac- 
callumi in the immatures ranged from 6% in 1950 and 1954 to 43% in 1952; in the 
adults it ranged from 30% in 1949 and 1950 to 75% in 1952, but this last figure 
is based on too small a sample. 

The relation of age to prevalence of Haemoproteus is broken down by primary- 
feather molt classes for the immature doves in Table II. It is seen that after the 


TABLE II.—Relation of age by primary molt stage to prevalence of Haemoproteus 
in immature mourning doves in Illinois, 1948-54 





Number of Percent Infected 
Primary : 
Heathers Number Birds 
Dropped 





Double 


har vi "CO ; r4 
H. sacharovi H. maccallumi Infections 





“> 


PAWS Ot Cob 





first feather was dropped, the incidence of H. sacharovi did not vary markedly. 
That of H. maccallumi, on the other hand, increased steadily from 7-8% to 70%. 
This latter rate was even higher than the 44% found in the adults. 

In Table III are given the prevalences of Haemoproteus infections in different 
parts of Illinois. Marked differences were found, particularly for H. maccallumi, 
in various parts of the state. While causes of these variations are not entirely 
clear, age of the sample was undoubtedly an important factor. 

Leucocytozoon marchouxi was found in the blood of 10 (2.1%) of the mourning 
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doves. Five were adults, 1 was a juvenile 3 to 4 months old, and 4 were nestlings. 
The prevalence in adults was 6.5%, and that in immatures was 1.2%. This latter 
figure is misleading, however, since 4/5 of the immatures were nestlings, and very 
few birds of this age were included in the whole group. 


Tase III.—Prevalence of Haemoproteus in mourning doves in different 
parts of Illinois, 1948-54 


Percent Infected 





Number Birds : - 


: Examined a tel - : Double 
Region H. sacharovi H.maccallumi Infections 


County of State 


Imma- Imma- Imma- Imma- 

ture Adult “ture Adult ae Gut. “Tos Adult 
Northeast 30 3 5g 34 2% 

Champaign East central 79 y 50 35 (4) 

Mason Central 58 5g 45 73 (13) 

Hancock 1952-53 West central 196 ( 3 56 y 78 (22) 

+ 1954 i oe 32 : aa 5 rs (3) 


s (3) 


Unsheathed microfilariae were found in the blood of 2 (0.4%) of the doves. 
Seven individuals measured 46 to 62 microns long by 3 to 4 microns in diameter, 


with a mean of 51.4 by 3.8 microns. 
Intestinal Helminths. No helminths were found in the intestines of more than 
50 doves examined under the direction of Dr. Lyell J. Thomas, Dept. of Zoology, 


Univ. of Illinois. However, adult tapeworms were found in the body cavity of 2 
fe 


out of over 1000 doves in the course of examinations for sex and body fat. These 
have not yet been identified. 

Ectoparasites. Five species of ectoparasites were found commonly on the feath- 
ers of the doves, but no quantitative information was obtained as to the number of 
individuals or species on each bird. It seems probable that many doves regularly 
carry most of these species. 

Three of the ectoparasite species were Mallophaga, i.e. Columbicola macrourae 
(Wilson), Physconelloides zenaidurae (McGregor) and Colpocephalum sp. They 
were identified by Dr. K. C, Emerson, Oklahoma A. and M. College, Stillwater, 
Oklahoma. The Colpocephalum is apparently a new host record. 

The other 2 species of common ectoparasites were the mites, Falculifer sp. and 
Megninia sp. Their identifications were confirmed by Dr. W. E. Baker, U. S. Na- 
tional Museum, Washington 25, D. C. Because the taxonomy of the feather mites 
is in great need of revision, it was not possible to determine the species of these 
mites with certainty. However, they were similar to if not identical with Falculifer 
rostratus (Buchholz) and Megninia columbae Buchholz. This is apparently a new 
host record for Megninia. 

In addition to the above ectoparasites, nymphs of the birdnest mite, Bdellonyssus 
sylviarum (Canestrini and Fanzago) were found on the feathers of 2 doves. 

Although the writers handled over 1000 freshly killed doves in the field and 
placed more than 150 of them immediately in sealed envelopes for thorough exam- 
ination in the laboratory, not a single hippoboscid fly was ever seen. 

In a further attempt to catch hippoboscid flies, a funnel trap, using live ring 
doves (Streptopelia risoria) as bait, was operated for several weeks in a Scotch 
pine planting heavily frequented by mourning doves. It was lighted at night as an 
additional attraction. No hippoboscids were trapped. 

The only ectoparasite found in the 42 mourning dove nests was the bird-nest 
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mite, Bdellonyssus sylviarum. No mites were found before the dove eggs were 


laid in the few newly completed nests examined. The mites were rarely found in 


the nests during the egg-incubation period, but more than half the nests containing 
young doves were infested. Most of the nests contained less than 100 mites, al- 
though one had over 500. Bdellonyssus was not found in what appeared to be 
very old, weathered nests. 

Eventually, dove nests become inhabited by various inquilines. Among those 
found were several mesostigmatid, oribatid, and tetranychid mites, other mites, 
thrips, psocids, Collembola, Homoptera, Hemiptera, Hymenoptera, Lepidoptera lar- 
vae, Coleoptera larvae, Diptera larvae, Neuroptera larvae and spiders. None of 
the dipterous larvae or pupae were those of hippoboscids. Ants of the genus 
Crematogaster were found in several instances, presumably in nests containing 
broken eggs. In general, the older the dove nest (up to the time it was deserted 
by the birds or shortly thereafter), the more inquilines were found. 


DISCUSSION 

Haemoproteus has been frequently found in mourning doves, usually in surveys 
of a miscellany of birds. H. sacharovi has been reported from Zenaidura macroura 
carolinensis 10 times: from 4 birds in Illinois by Huff (1931, 1932), from 2 birds 
in Nebraska by Coatney and Roudabush (1937), from all of 13 birds in Nebraska 
by Coatney and West (1938), from 7% of 86 birds on Cape Cod, Massachusetts 
by Herman (1938), from 56% of 188 birds, mostly from Illinois, by Huff (1939), 
from 67% of 18 birds in Nebraska by Coatney and West (1940), from 40% of 5 
birds in the District of Columbia and vicinity by Wetmore (1941), from 27% of 
213 birds in Texas by Couch (1952) and from 50% of 206 birds in Illinois by Le- 
vine, Hanson and Kossack (1952). 

H. sacharovi was reported from 41% of 27 Zenaidura macroura margineila in 
Arizona and California by Wood and Herman (1943). It was reported from 2 
Z. macroura in Michigan by Novy and MacNeal (1904a, b, 1905a, b), and from 1 
of 4 Z. macroura in northern California by Herms et al (1939). 

H. maccallumi has been reported from Z. macroura carolinensis 8 times: from 
75% of 4 birds in Illinois by Huff (1932), from 2 birds in Nebraska by Coatney 
and Roudabush (1937), from 4 birds by Coatney and West (1938), under the name 
H. columbae from 8% of 86 birds on Cape Cod, Massachusetts by Herman (1938), 
from 47% of 188 birds, mostly in Illinois, by Huff (1939), from 20% of 20 birds in 
Nebraska by Coatney and West (1940), from 56% of 213 birds in Texas by Couch 
(1952), and from 25% of 206 birds in Illinois by Levine, Hanson and Kossack 
(1952). It was reported (as H. columbae) from 93% of 27 Z. macroura mar- 
ginella in Arizona and California by Wood and Herman (1943). It was reported 
from Z. macroura in Michigan by Novy and MacNeal (1904a, b, 1905a, b) and 
from 33% of 6 Z. macroura in California by Herms et al (1939). 

In addition to the above, Haemoproteus sp. has been reported in Z. macroura 
carolinensis from 5% of 188 birds, mostly in Illinois, by Huff (1939), from 20% 
of 5 birds in the District of Columbia and vicinity by Wetmore (1941), from 33% 
of 6 birds from Georgia by Thompson (1943), and from 18% of 213 birds from 
Texas by Couch (1952). The last author also reported a “questionable form” 
having rounded gametocytes and containing granules resembling those of H. mac- 
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callumi in 74% of the doves he examined. 

Haemoproteus sp. was reported from 60% of 5 Z. macroura marginella in south- 
ern California by Wohnus and Ryerson (1941) and from 25% of 65 Z. macroura 
in Georgia by Love, Wilkin and Goodwin (1953). 

Both H. sacharovi and H. maccallumi have been well described by Huff (1932), 
Coatney and Roudabush (1937) and Coatney and West (1940), and their papers 
may be consulted for complete descriptions. The gametocytes of H. sacharovi differ 
from those of most other species of the genus in that they enlarge and distort the 
host erythrocytes, often pushing the nucleus to the edge of the cell, and in that they 
contain little pigment. 

The gametocytes of H. maccallumi partially encircle the host cell nucleus but do 
not push it to the periphery of the cell, do not enlarge the host cell, and contain 
relatively large pigment granules. They are morphologically indistinguishable 
from those of H. columbae from the pigeon, and as a matter of fact Herman (1938) 
considered H. maccallumi a synonym of H. columbae. His view may well be cor- 
rect. However, Coatney (1933) was unable to transmit H. columbae from the 
pigeon to the dove by means of the hippoboscid fly, Pseudolynchia canariensis (= P. 
maura), and until more is known of the schizogonic stages, life cycles and host- 
parasite relations of the two species, it is more convenient to retain the name H. 
maccallumi for the mourning dove form. 

The literature on the prevalence of Leucocytozoon in the avian order Columbi- 
formes has been reviewed by Levine (1954). L. marchouxi was reported from 
2 of 5 Z. macrouri carolinensis from the District of Columbia and vicinity by Wet- 
more (1941), from 1 of 206 mourning doves in Illinois by Levine, Hanson and Kos- 
sack (1952), from the 10 doves included in the present survey by Levine, Hanson 
and Kossack (1953) and Levine (1954), and from 4 of 27 Z. macroura marginella 
in Arizona and California by Wood and Herman (1943). In addition, Leucocy- 
tozoon sp. was reported without any morphological information from 2 of 6 Z. mac- 
roura carolinensis in Georgia by Thompson (1943). 

Microfilariae were reported from one Z. macroura carolinensis from Nebraska 
by Coatney and Roudabush (1937), from 2 Z. macroura from Georgia by Robin- 
son (1954) and from an unspecified number of Z. macroura marginella from Mex- 
ico by Saunders (1955). Only the first authors gave any morphological informa- 
tion. They stated that the microfilariae had a blunt anterior end, that their posterior 
region tapered to a point, that no sheath was visible, and that their mean length 
was 80.3 microns and their maximum width 4.36 microns. Our microfilariae were 
considerably shorter than these (46 to 62 microns, with a mean of 51.3 microns), 
but appeared similar otherwise. 

An important factor which deserves mention in connection with the parasite 
incidences reported in this and other surveys is that these figures are markedly de- 
pendent upon the thickness and evenness of the blood smears and the method used 
in examining them. Even assuming that all microscopists are equally adept at 
finding the smallest and faintest parasite stages, the time spent on each smear, the 
magnification used and the size of the microscope field are important. In the pres- 
ent survey, the smears were examined under the oil immersion objective. Had 
different times been used, the reported prevalences would undoubtedly have been 
different. 
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The importance of the magnification employed is well illustrated by our observa- 
tions on the incidence of microfilariae in Canada geese (Branta canadensis interior). 
In a survey of 353 birds at the Horseshoe Lake Game Refuge, Illinois, in which 
the blood smears were examined for 10 minutes under the oil immersion objective, 
microfilariae were found in 1.1% of the birds by Levine and Hanson (1953). How- 
ever, in a later survey of 306 Canada geese at the same place in which wet blood 
smears were examined for about 3 minutes under the low power (100) of the 
microscope, microfilariae were found in 23.9% (Hanson, Levine and Kantor, 1956). 
Perhaps a similarly higher incidence of microfilariae would be found if mourning 
dove blood were similarly examined. Undoubtedly, too, the incidence of Leuco- 
cytozoon marchouxi would have been higher if the stained smears had been exam- 
ined under low power, since the mature gametocytes of this species can be seen 
quite easily with this magnification. 

Perhaps the most important unsolved problem regarding mourning dove para- 
sites is the identity of the natural vector of Haemoproteus. The only proven vec- 
tors of this genus are hippoboscid flies. Muicrolynchia pusilla, Pseudolynchia canari- 
ensis (=P. maura), P. brunnea, P. capensis and Lynchia hirsuta have been em- 
ployed in the experimental transmission of Haemoproteus columbae in pigeons (see 
Huff, 1932). Huff (1931, 1932) transmitted both H. sacharovi and H. maccallumi 
from the mourning dove to the pigeon by means of Pseudolynchia canariensis (= P. 
maura). 

In view of the high incidence of Haemoproteus in mourning doves, one would 
expect that if hippoboscids were the natural vectors, they would be common para- 
sites of doves. This is far from the case. There are relatively few records of hip- 
poboscids on these birds. Herman (1937) found Ornithoica confluenta on 4 of 100 
mourning doves in Massachusetts, Coatney (1938) found a single Stilbometopa 
podopostyla on a mourning dove in Nebraska. Bequaert (1939) reported Micro- 
lynchia pusilla from a western mourning dove in Idaho, and Herman (1945) found 
a single M. pusilla on a western mourning dove in southern California. The most 
notable record is that of Brennan (1938). Between Sept. 2 and 12, two to three 
dozen mourning doves were killed in Bexar County, Texas, almost all of which 
carried one or more M. pusilla; one bird had as many as 10 hippoboscids. S. podop- 
ostyla was found less frequently on these birds. 

On the other hand, Taber banded 1100 mourning doves in Illinois and never 
saw one of these flies (Huff, 1932). McClure (1943) found M. pusilla on only 
7 of 1700 young mourning doves and none on adult doves in lowa. Herman (1945) 
found no hippoboscids on mourning doves in northern California, and as stated 
above, the authors handled over 1000 freshly killed doves in the field and made a 
special search for hippoboscids without finding any. It would seem evident that 


the natural vector is some other ectoparasite, but it is hardly worthwhile to specu- 
late on its identity. 


SUMMARY 


In a 7-year survey of the parasites of the mourning dove (Zenaidura macroura 
carolinensis) in Mlinois, Haemoproteus sacharovi was found in 58% of 392 imma- 


/ 


ture birds and in 43% of 72 adults; H. maccallumi in 30% of the immatures and in 
7. 


43% of the adults ; Leucocytozoon marchouxi in 1.2% of the immatures and in 6.5% 
of the adults; and unsheathed microfilariae 46 to 62 microns long in 2 birds. No 
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helminths were found in the intestines of more than 50 doves. The’ Mallophaga, 
Columbicola macrourae, Physconelloides zenaidurae, and Colpocephalum sp. and the 
mites Falculifer sp. and Megninia sp. were found commonly on the doves’ feathers, 
and the mite Bdellonyssus sylviarum was found on the feathers of 2 birds. No hip- 
poboscid flies were found despite a special search for them. Bdellonyssus sylviarum 
was the only ectoparasite found in 42 nests; it was present in more than half of the 
nests containing young doves. The incidence of Haemoproteus sacharovi was 31% 
in very young doves; in older birds it did not vary markedly, fluctuating between 
52% and 69%. The incidence of H. maccallumi increased steadily in growing 
birds from 7-8% to 70%. The incidence of both Haemoproteus species varied 
markedly in different parts of the state and in different years. In view of the high 
incidence of Haemoproteus and the absence of hippoboscid flies, it is concluded that 
the natural vector of the blood protozoon must be some other ectoparasite. 
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RESEARCH NOTE 


OBSERVATIONS ON THE INEFFECTIVENESS OF “POLYBOR-3” IN DESTROY- 
ING THE VITALITY OF THE EGGS OF ASCARIS SUUM IN SOIL 


In recent years the writer (1953, Am. J. Vet. Res. 14: 563-570; 1955, J. Parasitol. 41, 
Suppl.: 50) has reported that “Polybor-3” (Pacific Coast Borax Co., Los Angeles), applied 
dried or in solution to soil at the rate of 5 pounds per 100 square feet was effective in 20 days in 
killing most of the larvae of Stephanurus dentatus and Oesophagostomum dentatum in soil up to a 
depth of 1 inch. ‘“Polybor-3” is composed of a mixture of sodium pentaborate tetrahydrate and 
sodium tetraborate pentahydrate. 

During the months of September—October 1956, small scale experiments were carried out 
to ascertain any evidence of lethal action of “Polybor-3” on the eggs of Ascaris suum in soil. 
In starting this experiment, a small outdoor area protected from the sun and rain was chosen. 
The ground was thoroughly broken, racked, and small stones removed. The area was then 
marked with wooden borders into six 1-square-foot plots. In the center of each plot a small 
square wire basket (1 inch wide, 1 inch iong and 3% inch high) made from galvanized mosquito 
screening was worked in the soil so that the top of the basket was level with the surface of the 
ground. Each wire basket was then completely filled with soil which had been thoroughly mixed 
with numerous ascarid eggs freshly secured from the uteri of adult female worms, Ascaris suum, 
collected from pigs. Following the above, 3 of the soil plots were sprayed each the 22.7 grams 
of “Polybor-3” in 113 cc of water (equal to the rate of about 5 pounds of the chemical in 3 gal- 
lons of water per 100 square feet), and 3 other plots were sprayed with water only and served 
as control. All the plots were then left undisturbed for 6 weeks, except that, in order to keep 
the soil from becoming too dry, the plots were lightly sprayed with water once a week. 

At the end of the 6-week period, the small wire baskets were carefully pulled out of the 
ground and the soil within each basket was poured into a sterile dish. Then, about one-half of 
the amount of soil from each basket was transferred in several small gelatine capsules and 
force-fed to 1 young guinea pig. In addition, with the aid of a pipette, the guinea pig received 
a few cc of muddy water from the washing of the remaining half of the soil. Six guinea pigs 
were thus fed, each with soil from 1 basket. After feeding, each of the guinea pigs was placed 
in a separate sterilized cage. Within a few days all the animals showed signs of illness and 
hard breathing, and died on the 4th or 5th day of the experiment. Upon necropsy, the lungs 
of the 6 animals showed presence of petechial spots and large confluent ecchymotic areas. 
Press preparations of small pieces of these organs from all animals revealed several developing 
ascarid larvae. The results therefore indicated that the chemical spray as used had no injurious 
effects either on the development of the ascarid eggs nor on the infective power of the larvae.— 
Joseru E. Auicata, University of Hawati Agricultural Experiment Station, Honolulu, Hawaii. 





PENTASTOMIDS FROM AFRICAN REPTILES AND MAMMALS AND 
FROM REPTILES OF FLORIDA ISLAND, BRITISH SOLOMON 
ISLANDS (SOUTH PACIFIC)* 


J. TEAGUE SELF AND Rosert E, Kuntz 
University of Oklahoma, Norman, Oklahoma, and Naval Medical School, NNMC 
Bethesda, Maryland 


Parasites upon which this report is based were obtained from vertebrate hosts 
in widely separated geographical localities. Most of them are a part of an exten- 
sive collection of metazoan parasites taken by the junior author during the exami- 
nation of several thousands of hosts in Egypt and the Sudan (1948-1953). In this 
survey all vertebrate groups were well represented. Specimens taken earlier by 
him (1943-1945) however, are from a collection of parasites obtained from 300 
hosts, mostly reptiles and amphibians, in the South Pacific. Although hosts in the 
latter series were examined in both the New Hebrides and the British Solomon 
Islands, pentastomids were recovered only from reptiles on Florida Island in the 
latter island group. 

Pentastomids were found in only a small percentage of hosts examined. How- 
ever, the present study adds to the distribution and host records for several of the 
known pentastomids, and a new genus with 2 new species is described. This paper 
adds much needed information based on actual field collections of this group of 
invertebrates which has not received the attention accorded most other invertebrate 
groups. While many works have dealt with the Pentastomida, most of them have 
not been based on extensive field collections. One of the most complete is that of 
Heymans (1935) and the reader is referred to this paper for the most complete 
bibliography available. 

MATERIALS AND METHODS 

The majority of hosts were taken alive, then killed just prior to examination 
for parasites. Mammals were usually anesthetized with chloroform while most rep- 
tiles were drowned. The larger reptiles, especially Varanus, were shot or captured 
with the assistance of local natives. 

Each organ system was examined separately and with the aid of a dissecting 
microscope. Frequently organs were macerated and washed in several changes of 
water. When feasible they were shaken after maceration in a capped fruit jar with 
water. Pentastomida often settled to the bottom making recovery from washings 
“asy. 

Specimens taken from South Pacific hosts were killed and fixed in 6 to 8% 
formalin. Those in the Egyptian and Sudan collections were killed in hot water 


Received for publication May 14, 1956. 

* The opinions and assertions contained herein are those of the authors and are not to be 
construed as official or reflecting the views of the Navy Department or the naval service at large. 

The junior author wishes to acknowledge Harry Hoogstraal, Head, Department of Medical 
Zoology, NAMRU-3, Cario, Egypt for assistance in collection and identification of hosts exam- 
ined in Egypt and in the Sudan, Mr. Tom Chorley of the Sudan Veterinary Service for making 
possible the examination of hosts in the Bahr El Ghazal area of the Sudan, and G. M. Malakatis, 
HMI, USN, for technical assistance. 

194 





SELF AND KUNTZ—PENTASTOMIDS 195 


and then fixed in formalin-acetic acid-alcohol fixative. In both cases preservation 
was excellent. Specimens too small to study from gross dissection were cleared in 
20% lactic acid in 70% ethanol, and studied without staining. 


AFRICAN PENTASTOMIDA 


Several pentastomids were removed from a series of mammals and reptiles shot 
in February 1953, by members of the Sudan Veterinary Service as a part of a tsetse 
fly eradication program. This collection was in the Tonj District of Bahr El Ghazal 
Province, in the southwest part of the Sudan. Following is a list of these pentasto- 
mids :? 

t New host records in this paper are designated by an asterisk (*). 

From mammals: 

1. Linguatula serrata Frélich 1789—12 nymphs from 1 of 3 Egyptian hares, Lepus capensis 
Desmarest, shot in Wadi Nassim, near Isna in Qena Province of Upper Egypt (April 1953). 
Five specimens were found in the pleural cavity and 7 in the abdominal cavity. One nymph 
from the liver of a spiny backed mouse, Acomys cahirinus Desmarest taken in Giza, Giza Prov- 
ince, (March 1949). 

2. Linguatula sp—Single nymph from body cavity of 1 of 9 long-eared hedgehogs, Hemiechinus 
auritus Fischer,* captured near El Amiriya, West Desert Governate, Egypt (Dec. 1951). 

3. Armillifer armillatus (Wyman) Sambon 1922—1 nymph from the body cavity of 1 of 4 
four-toed hedgehogs, Atelerix pruneri owensi Setzer* taken in Tonj District, Bahr El Ghazal 
Province, Sudan (1953). 

From reptiles: 

4. Armillifer pomeroyi Woodland 1921—7 adults from the lung of a golden or Egyptian cobra, 
Naja haje (L.)* Tonj District, Bahr El Ghazal Province, Sudan (1953). 

5. Sambonia lohrmanni Noc and Giglioli 1922—2 adults from the lungs of a Nile monitor lizard, 
Varanus nilotica (L.). 

Pentastomids of the genus Raillietiella Sambon 1910 were numerous in several species of liz- 
ards and 1 snake. The majority of the infected lizards and the snakes were collected from the 
coastal plain of northern Egypt within a few miles of the Mediterranean Sea. 

6. Raillietiella affinis Bovien 1927 was found in the lungs or large bronchi in the following hosts : 

Scincus officinalis Laur.,* the Egyptian sand skink.—5 specimens from 2 of 27 hosts col- 
lected in desert adjacent to Nile Delta at Abu Rauwash, Giza Province (May 1950) ; 2, 4, 8 and 
9 parasites respectively from 4 of 9 skinks from desert near Radwan, Giza Province (May 
1951) ; 1 specimen from 1 of 7 hosts from coastal plain near Burg El Arab, West Desert Gov- 
ernate (April 1951) ; 1, 2, and 4 specimens from 3 of 18 hosts caught at oasis near Government 
Rest House, Siwa Oasis, Western Desert (March 1950). 

Chalcides sepsoides Aud.* Auduoin’s sand skink.—A single specimen from 1 of 18 skinks 
in same desert habitat from which infected S. officinalis were collected near Abu Rauwash 
(May 1950) ; 11 specimens from 6 of 25 hosts from near Burg El Arab (March 1950). 

Agama stellio (L.),* the Old World or starred lizard—8 R. affinis from 3 of 13 lizards col- 
lected on coastal plain near Ramleh, and Alexandria, Beheira Province (May 1951); 48 speci- 
mens from 10 of 22 hosts from near Burg El Arab, in same vicinity from which infected C. sep- 
soides were collected (March 1952). 

Eumeces schneiderii (Daud.),* the gold skink.—1 R. affinis from skink caught near Ramleh 
(May 1951) ; 17 specimens from 5 of 15 and 7 of 15 Eumeces captured near El Amiriya, in 
March and June respectively in 1952. 

Uromastyx aegyptia (Forsk.),* the spiny-tail or Egyptian dabb lizard—4 R. affinis 
from 1 of 4 lizards captured in desert near ruins of Sultan’s Rest House, Cairo-Suez Road 
(August, September 1951). 

7. R. gehyrae Bovien 1927 was collected from A. stellio* collected at Ramleh, Beheira Province, 
Egypt (May 1951). 

8. Unidentified pentastomid, from the lung of the African beauty snake, Psammophis sibilans. 
Tonj District Sudan (1955). 


The collections of pentastomids from Egypt, although relatively small, represent 
the examination of a rather large series of vertebrate hosts which included most of 
the more common species of reptiles and mammals. The majority of these hosts 
were obtained in the Nile Delta of Lower Egypt and in adjacent desert areas. The 
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overall recovery of pentastomids for this general area is quite low considering that 
a number of species have previously been listed from reptiles and mammals of the 
Middle East and the eastern part of Africa. 


SOUTH PACIFIC PENTASTOMIDA 


Seven genera are represented in our collections obtained from reptiles examined 
from Florida Island, British Solomon Islands. All specimens were located in the 
lungs and large bronchi of their hosts. Species of parasites and their hosts: 


1. Armillifer pomeroyi Woodland 1921—1 juvenile specimen from Acrochordus granulatus 
(Schn.),* the wart snake, taken in grass covered lowland just above mangrove swamp (Sept., 
1944). 

2. Sambonia lohrmanni Noc and Giglioli 1922—2 adults from A. granulatus, the same host 
harboring A. pomeroyi above. 

3. Waddycephalus teretiusculus (Baird) Sambon 1922—Single specimen from Ahaetulla calli- 
gaster,* the painted bronze snake from same habitat as that of A. granulatus* (January, 1945). 
4. Kiricephalus pattoni (Stephens 1908)—2 specimens from A. calligaster* from low shrub and 
grass covered area near sea shore (April 1945). Both parasites were deeply embedded in walls 
of lung and surrounded by areas of intense cellular reaction and inflammation. 

5. Diesingia sp—1 juvenile specimen from Engyrus carinatus (Schn.),* the Pacific boa, caught 
in grass-covered area half a mile from sea (September, 1944). 

6. Raillietiella affinis Bovien 1927—2 specimens from 2 Lepidodactylus lugubris (Dum. and 
Bib.),* the sad gecko, taken from walls of hut located in margin of dense growth of trees 
(September, 1944). 


Megadrepanoides n. g. (Figs. 1, 2, 3, 4) 


Family Cephalobaeniidae. Dorso-lateral papillae poorly defined. Frontal papillae 4 in 
number but often obscured by the large anterior hooks. Segmentation usually well-defined, 
by wedge-shaped segments, especially in abdominal region. Posterior end with 2 terminal pap- 
illae. Genital openings at the anterior end of the abdomen. Hooks arranged in 2 pairs, one 
behind the other; the anterior pair much larger than the posterior pair and with no auxiliary 
hooks; the posterior hooks relatively very small and with auxiliary hooks. Mouth opening in 
front of or between the anterior pair of hooks. a 

Type species: M. solomonensis. 

This genus appears to be most closely related to Raillietella but differs distinctly from it in 
the characters of the hooks. Whereas in Raillietiella the anterior hooks are smaller than the 
posterior ones, in this genus the anterior hooks are so enlarged as to give the appearance of 2 
large walrus-like tusks which may protrude from the anterior end (Fig. 1). Indeed, the an- 
terior portion of the head may appear to be split because of the relatively great size and arrange- 
ment of these hooks; hence the generic designation, meaning large sickle-like hook. In contrast 
to the anterior hooks the posterior ones are extremely tiny and not visible except by magnifica- 
tion. Both pairs of hooks are attached to a U-shaped fulcrum and the auxiliary hooks of the 
posterior pair extend as a solid scleritized shield from the anterior limit of the fulcrum to near 
the tip of the hook. 

7. Megadrepanoides solomonensis n. sp. (Figs. 1, 2, 5, 6) 

(All measurements in millimeters) 

Female: Length 26; body cylindrical, 0.75 thick at thickest point. Number of segments 67, 
segments not clearly defined in anterior end but well defined and somewhat wedge-shaped in 
mid-region of the abdomen. Terminal papillae, blunt and rounded, about as wide as long. Gen- 
ital pore in anterior region of abdomen, uterus coiled throughout abdomen. Anterior hooks 
simple, relatively large and sharply curved ventrally. Length of anterior hooks from base to 
point 1.6; breadth at point where they begin to enlarge to form base 0.38; breadth of base 0.28; 
length of base 1.2. Length of small posterior hooks including base 0.24; breadth of base of 
posterior hooks 0.24. Length of fulcrum equal to that of hooks. Auxiliary hooks form solid 
scleritized shield extending from base of fulcrum to near point of hook. Lobi parapodiales not 
visible. Mouth between anterior hooks; 0.31 long by 0.14 wide; shaped like a horseshoe with 
the open end closed. 

Male: Length 6.6; thickness at thickest point, the anterior abdominal region 0.6; terminal 
papillae triangular and sharply pointed; segments wedge-shaped in posterior half of abdomen ; 
segmentation well-marked except in anterior end; size of abdomen decreases sharply poste- 
riorly to thickness of 0.13 in posterior segment; number of segments 67. Hooks with same 
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relative size as in female but anterior lobi parapodiales visible, posterior lobi parapodiales absent. 

Host: Varanus indicus (Daud.) 

Organ: Lung 

Locality: Florida Island, British Solomon Islands 

Type Specimen, female: U. S. Nat. Mus. Helm. Coll. No. 38125 

Allotype, male: U. S. Nat. Mus. Helm. Coll. No. 38125 

Megadrepanoides varani n. sp. (Figs. 3, 4, 7, 8.) 

(All measurements in millimeters ) 

Female: Number segments 35 plus head; length 9.27 ; thickness of head 0.65; head somewhat 
distinct from rest of body and 0.33 in length. Thickness of abdomen at thickest point 1.94; 
abdomen decreases sharply in thickness posteriorly to 0.27 at posterior end. Terminal papillae 
triangular-shaped and somewhat flattened. Mouth U-shaped, 0.16 long by 0.13 wide. Base of 
anterior hooks 0.9 wide; length of hook from base to point 1.0; anterior hooks curving sharply 
so that the points are directed posteriorly. Posterior hooks 0.04 long from fulcrum; fulcrum 
0.07 long. Auxiliary hooks extending length of fulcrum to point of hook. 

Male: Number of segments 35 plus head; length 5.28; length of head 0.19; thickness of 
abdomen at anterior end 0.73; at posterior end 0.22. Length of anterior hook from base to tip 
0.32; base 0.40 long; posterior hook 0.01 long from tip to base; base 0.012 long. Mouth as in 
female; terminal papillae triangular and sharply pointed. 

Host: Varanus indicus 

Organ: Lung 

Locality: Florida Island, British Solomon Islands 

Type Specimen, female: U.S. Nat. Mus. Helm. Coll. No. 38126 

Allotype, male: U. S. Nat. Mus. Helm. Coll. No. 38126 

The female of M. solomonensis is more slender and cylindrical than the female of WM. varant. 
In the former, the head is slightly pointed anteriorly but it is not strikingly smaller than the 
anterior abdomen. Also there is no marked decrease in the size of the abdomen posteriorly. 
In MY. varani females the anterior region of the abdomen is so much larger than the head or the 
posterior end that it appears almost kite shaped. 

The males of M. solomonensis are strikingly pointed posteriorly and the posterior region 
curves dorsally (Fig. 2). The males of M. varani are pointed posteriorly and anteriorly but the 
posterior region is not so strikingly slender and curved as in M. solomonensis. Both sexes of 
M. solomonensis are generally longer than the same sexes of M. varani. 

Many specimens of both species were taken from 3 hosts collected in a mangrove swamp 
(September, 1944; March, 1945). 

One male specimen of Megadrepanoides solomonensis in this collection is recorded from the 
lung of a sand lizard, Acanthodactylus boskianus, collected on May 10, 1950 at Abu Rauwash, 
Giza Province, Egypt. There is no question about the identity of the specimen. Since all other 
known specimens are from the monitor lizard of Florida Island, British Solomon Islands, this 
host record must await confirmation. The British Solomon Islands collections were shipped to 
the United States before those from Egypt were collected, and it is difficult to understand how 
a mistake could have been made. However, until the occurrence of this parasite in this species 
of host from this geographic locality is confirmed, there must be strong suspicion that the data 
on this specimen are not correct. 


DISCUSSION 


As Heymons (1935) has pointed out, most of the species described for Rail- 
lietiella are very closely related, and descriptions are based on small numbers of 
specimens. The collection studied in this work involves numerous specimens and 
most of them conform best to the description of R. affinis. One of the difficulties 
experienced has been that within a single collection there are different specimens 
which conform to the descriptions of different species, and it has not been possible 
to separate them distinctly. The authors believe that a more thorough study of 
the genus Raillietiella with an adequate number of specimens would invalidate most 
of the species, the differences among which are admittedly based on very minor 
characters. 

Our specimens have been identified as either Raillietiella affinis or Raillietiella 
gehyrae. Since collections from single hosts cut across characters of both species, 
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such as the number of visible segments, the prominence of the frontal papillae, and 
the shape of the terminal papillae, one finds little concrete and constant basis for 
separating them. The specimens considered here all have prominent dorsal papil- 
lae on the first hook segment, described for R. gehyrae by Heymons and Graf Vitz- 
thum (1936) as a correction of Bovien’s (1927) description. The latter described 
the papillae on the second hook segment, but in his figure they are shown on the 
first hook segment. . affinis has the dorsal papillae always on the second hook 
segment (Bovien, 1927). Bovien described R. affinis as having 24 to 27 abdominal 
rings and R. gehyrae as having 21 to 22. Most specimens considered here have 27, 
although in most cases they are very indistinct in the anterior region of the body. 
The indistinctness of the segments is also described as characteristic of R. gehyrae. 
Since Bovien apparently had only 1 specimen, it is not surprising that variations 
from his description may appear. Certainly in this genus, as in other Pentastomida, 
the number of segments serve as a confusing specific character when the numbers 
in different species are close. This confusion is because of the difficulty in distin- 
guishing them well enough to make accurate counts. 

The specimens designated as Rk. gehyrae from Agama stellio probably should 
also be classified as R. affinis. The principal reason for calling them R. gehyrae 
is that they are distinctly in the measurement range given for R. gehyrae by Bovien 
(1927) and are generally larger than other specimens in this collection classed as 
R. affinis. Also the average number of segments is about 22 which complies with 
the description of R. gehyrae more closely than R. affinis. 

Relatively little is known of the life cycles, or for that matter the biology of the 
Pentastomida. Some life cycles in the genus Linguatula have been fairly well un- 
derstood for many years (Hobmaier and Hobmaier, 1940). Keegan (1943) has 
studied certain biological aspects of Kiricephalus coarctatus and Penn (1942) de- 
scribed the life cycle of Porocephalus crotali. Many other works have given infor- 
mation on the biology and life cycles of these aberrant animals, but it is generally 
fragmentary. In the past much speculation on life histories has been based upon the 
food habits of definitive hosts and the finding of larval or nymphal stages in ani- 
mals which could serve as intermediate hosts. A brief account of experimental 
feedings of different pentastomids to laboratory animals by some of the earlier in- 
vestigators (Leuckart, Brodin and Rodhain, Stiles et al) is given in the work of 
Hett (1924). Hett concluded that (1) most linguatulids require two hosts for 
completion of the life cycle but that (2) possibly the whole cycle in some cases 
could be carried on in one host. 

Giglioli (1923) in studying the biology, food habits and possible life histories of 
pentastomids of the genus Raillietiella posed the question whether the intermediate 
hosts could be invertebrates. Our observations, in the case of R. affinis, lead us to 
believe that Giglioli may have been correct in his postulation. 

We found R. affinis in 6 species of lizards. All but 1 of these are insectivorous 
and their body size, it seems, precludes the probability of their eating mammals 
which could carry nymphal stages of the parasite. Furthermore, some of these 
hosts, especially Agama and Eumeces, are found in burrows where ground beetles 
and other insects are common, thus allowing easy infection of these invertebrates 
which are known to feed upon lizard droppings. The sixth host, Uromastyx, is a 
large lizard, 1 to 2 feet in length, which is herbivorous but occasionally ingests in- 
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sects accidentally while feeding upon low desert vegetation. R. affinis from Lepi- 
dodactylus lugubris in the South Pacific would certainly suggest an insect as an 
intermediate host since this gecko is small and feeds entirely on insects or other 
small invertebrates. 

The possibility of a lizard-to-lizard life cycle could apply in the case of A. stellio 


from which a large number of R. affinis were obtained. This lizard feeds primarily 


on insects around rocks or on low lying desert vegetation. Agama, however, is a 
voracious eater, and it has, on occasion, been observed to attack and eat small lizards 
in captivity. 

In the case of Armillifer, Sambonia, Linguatula, Megadrepanoides, etc. a 2-ver- 
tebrate-host life cycle would be expected since these adults usually occur in snakes 
or carnivorous lizard hosts such as Varanus which regularly feed on smaller rep- 
tiles, amphibia, and mammals in which nymphal stages are known to occur. 


SUMMARY 


Three species, one unidentified, from 2 genera of Pentastomida are reported from 
African mammals, and 5 species from 3 genera are reported from African reptiles. 

Six species, one unidentified, of 6 genera, and a new genus, Megadrepanoides, 
with 2 new species, M. solomonensis and M. varani, are reported from reptiles 
from the British Solomon Islands. 

Fifteen new host records are reported. 

Doubt is expressed regarding the validity of the numerous species of Raillietiella 
reported. 
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Explanation of figures 


Figure 1. Female of Megadrepanoides solomonensis. 

Figure 2. Male of M. solomonensis. 

Figure 3. Female of M. varani. 

Ficure 4. Male of M. varani. 

Ficure 5. Anterior hook of female M. solomonensis. 

Figure 6. Posterior hook and accessory hook of female M. solomonensis. 
Figure 7. Anterior hook of female M. varani. 

Ficure 8. Posterior hook and accessory hook of female M. varani. 
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RESEARCH NOTE 
THE CATTLE EAR MITE, RAILLIETIA AURIS (LEIDY, 1872) IN TEXAS 


The paucity of records of Raillietia auris in the United States would indicate that this ear 
mite of cattle is extremely rare (Leidy, 1872, Proc. Acad. Nat. Sci. 24: 9; Olsen and Bracken, 
1950, Vet. Med. 45: 320). However, our findings suggest that the mite may be more prevalent 
than has been suspected as its presence would not likely be demonstrated by standard slaughter- 
house postmortem inspection. 

This Department was contacted January 22, 1952 by the veterinary inspector at the Austin 
Municipal Abattoir concerning a feed lot cow which was holding its head to one side and occa- 
sionally rubbing an ear against a fence post, obviously in some distress. Spinose ear ticks were 
at first believed responsible for this condition but none were found in the outer ears. However, 
5 R. auris, 3 female, 1 male and 1 nymph, were recovered when the bulla tympanica were opened. 

Heads of several other feed lot cattle routinely processed at the Austin Municipal Abattoir 
were examined and 43 more of these mites were taken. The records are as follows: 2 females 
from cow, Travis County, 1-30-52; 7 females from cow, Travis County, 2-11-52; 12 females, 
1 male and 5 nymphs from cow, Travis County, 2-19-52; and 2 females, 3 males and 11 nymphs 
from cow, Caldwell County, 2-14-52. 

The determination of this mite was very kindly verified by Dr. R. W. Strandtmann, Texas 
Technological College, Lubbock.—G. C. MENzIEs (deceased) (submitted by R. B. Eans, State 
Department of Health, Austin, Texas.) 





TWO NEW CALIGOID COPEPODS FROM EGYPTIAN FISHES 


ArTHUR G. HUMES 
Department of Biology, Boston University 


Female caligoid copepods taken from the gills of Labeo forskalii Rupp. and 
Lates niloticus (L.) in the Giza Fish Market, Cairo, Egypt, by members of the 
United States Naval Medical Research Unit No. 3, have been submitted to the 
author for study by Dr. Robert E. Kuntz of the U. S. Naval Medical School, 
Bethesda, Maryland. They represent 2 new species which are described below. 


Sciaenophilus inopinus n. sp. 


Material studied: Twenty-eight females collected from the gills of Lates niloticus (L.) 
during December 1952, and January-February, 1953. Holotype and 17 paratypes in the U. S. 
National Museum. Remaining paratypes in the author’s collection. 

Female: Body elongate and slender (Fig. 1), total length (not including caudal rami), 
based on 5 specimens, 4.19 mm (4.09-4.40 mm). Carapace wider than long (0.735 x 0.905 mm), 
about 18% of the total body length, narrower than the genital segment and showing a U-shaped 
ridge on the dorsal posterior area. First 3 thoracic segments fused with the carapace. Fourth 
thoracic segment free, wider than long (0.118 0.288 mm). Genital and fifth thoracic segments 
fused (1.11 ¥ 1.13 mm), cordiform, smooth except for the fifth legs, attachments of the egg sacs, 
and 2 chitinized knobs near the beginning of the abdomen. Abdomen 2-segmented, the second 
segment narrower, rectangular, and only about 6% of the total abdominal length. Length of 
2 abdominal segments together 2.43 mm, first segment 2.28 0.591 mm, second segment 0.142 x 
0.192 mm. Caudal rami (Fig. 2) elongate (0.131 x 0.070 mm), armed distally with 6 setae, the 
innermost and outermost much shorter than the middle 4. 

Frontal lunules (Fig. 3) relatively small. First antenna (Fig. 4) armed on the anterior 
margin of the second podomere with about 18 setae, some of them plumose, and on the distal 
region of the last podomere with about 14 naked setae. Second antenna (Fig. 5) a sharply 
curved, attenuated claw. Cuticular spine (first maxilla of Wilson, 1905, and maxillary hook of 
Leigh-Sharpe, 1934) minute (Fig. 6). Mouth cone containing slender mandibles, dentate near 
their tips (Fig. 7). First maxilla (Fig. 8) a chitinized spine, having near its base a lobe bear- 
ing 2 unequal setae. Second maxilla (Fig. 9) long and slender, ending in 2 unequal spines. 
Maxilliped (Fig. 10) with a stout base and a strong, curved, distal spine. Sternal furca absent. 

First leg (Fig. 11) uniramous, but with a small, 2-jointed, digitiform process on the base, 
perhaps representing a rudimentary endopodite. Distal podomere with 3 long, plumose, inner 
setae and 4 terminal spines. Second leg (Fig. 12) biramous, with the coxopodite and first 
podomere of the exopodite having a veil-like fringe of fine hairs. Outer margins of second 
and third endopodite podomeres expanded and pilose. Third leg (Fig. 13) biramous, the 
exopodite with 3 podomeres, the first with a strongly chitinized outer spine, the endopodite con- 
sisting of a single podomere. Outer margin of the base with a large veil-like fringe of fine 
hairs. Fourth leg (Fig. 14) uniramous, with a distal group of 3 spines, of which the innermost 
is nearly twice the length of the 2 outer spines which are subequal. Fifth leg (Fig. 15), visible 
in dorsal view, consisting of a small lamella bearing 3 setae and a single seta a short distance 
from the lamella. 

Egg sac (Fig. 1) 3.130.308 mm, containing about 42 eggs (3049) and reaching well 
beyond the end of the abdomen. 

Male: Unknown. 


The genus Sciaenophilus was erected by Beneden (1852) to include his new 
species, S, tenuis, from the branchial cavity of Sciaena aquila in Europe. Among 
the characters of the genus were the presence of frontal lunules, the absence of a 
sternal furca, and the elongated abdomen. S. inopinus n. sp. differs from S. tenuis 
in which the total length of the body is 14 mm, the carapace is wider than the geni- 
tal segment, the genital segment is about 3 times the length of the carapace, and 
the abdomen is long and slender, about 114 times the length of the genital segment. 


iat Received for publication August 8, 1956. 
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A second species, S. benedeni, was described by Bassett-Smith (1898) from 
Sciaena diacanthus at Bombay, India. He gave as distinctive characters of Sci- 
aenophilus (which he regarded as a subgenus of Caligus) the comparatively small 
cephalothorax, the small lunules, and the extremely large maxillipeds. S. benedeni 
differs from S. inopinus n. sp. in having greater length (6 mm), in the single- 
jointed abdomen constricted at the anterior end, and in the number and arrange- 
ment of spines and setae on the first and fourth legs. 

Sciaenophilus laciniatus Kréyer 1863 (= Chondracanthus laciniatus Kollar, 
museum name) is clearly a Caligodes, and has been so regarded by later authors 
(see Brian, 1906). 

If Sciaenophilus is to be regarded as a subgenus of Caligus, as Heller (1865), 
Bassett-Smith (1898), and Wilson (1905) have done, it then becomes necessary 
to differentiate S. tenuis, S. benedeni, and S. inopinus n. sp. from the other species 
of Caligus, numbering about 145. This can be done, however, on the basis of the 
sternal furca and the relatively large carapace. There are only 2 species of Cali- 
gus which might be confused with Sciaenophilus. C. macrurus Heller 1865 is 
certainly a Caligus in possessing a sternal furca, even though rudimentary. C. 
pharaonis Nordmann 1832 is imperfectly known from the incomplete original 
description. Unfortunately Plate XI with Figure 17 of C. pharaonis seems never 
to have been printed, since the volume contains only 10 plates. Brian (1934) re- 
garded it as too insufficiently described to include in his list of Caligus species 


from the Mediterranean Sea. Wilson (1905) considered it to be a species of 
Lepeophtheirus. The total length (2-1/3 lines or about 5.1 mm), the length of 
the egg sacs (2 lines or about 4.37 mm), and the triangular genital segment, much 


wider and twice the length of the carapace, indicate that Nordmann’s species is 
distinct from S. inopinus n. sp. 

It seems best to regard Sciaenophilus Beneden 1852 as a distinct genus of the 
Caligidae, containing 3 species, tenuis, benedeni, and inopinus n. sp., differentiated 
as already indicated. 

The host, Lates niloticus, is a fresh-water fish, but perhaps might enter brack- 
ish or even salt water like other members of its family. Presumably the host fish 
came from the Nile River. 

Lamproglena cleopatra n. sp. 


Material studied: Twenty females collected from the gills of Labeo forskaliit during August 
and September, 1952. Holotype and 13 paratypes in the U. S. National Museum. Remaining 
paratypes in the author’s collection. 

Female: Body elongate and slender (Fig. 16), total length (not including caudal rami), 
based on 5 specimens, 2.60 mm (2.43-2.77 mm). Carapace 0.504 x 0.375 mm, deeply indented 
laterally, the posterior part wider than the thorax. Dorsal surface with a U-shaped ridge. 
First thoracic segment fused with the head. Second, third, and fourth thoracic segments free, 
and separated by lateral indentations. Third and fourth segments subequal, their width 0.422 
and 0.413 mm respectively, wider than the second segment whose width is 0.291 mm. Fifth 
segment narrower (0.212 mm) and shorter, bearing minute fifth legs. Genital segment free 
and wider than the fifth thoracic segment, measuring 0.343 mm, with lateral attachments of the 
egg sacs, and in some specimens with spermatophores attached ventrally, each spermatophore 
a chitinous, somewhat reniform structure (Figs. 17 and 18). Abdomen 0.975 mm in length 
(about 37% of the total body length) composed of 3 nearly equal and rather poorly delimited 
segments. Caudal rami (Fig. 19) minute, 0.039 0.026 mm, with a seta on the outer margin 
and terminally with 2 digitiform processes and 2 setae. 

First antenna (Fig. 20) with a swollen basal podomere and a small distal podomere, both with 
naked setae. Second antenna (Fig. 21) indistinctly 4-jointed, the last with 5 small setae. Be- 
tween the bases of the antennae and in front of the mouth a projecting mass with 2 lateral lobes 
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and 2 finger-like posterior lobes (Figs. 22, 23, and 24). Second maxilla (Fig. 25) strong, cov- 
ered with a thin, transparent layer, through which the terminal spine projects. Basal part 
appearing finely granular under high magnification. Maxilliped (Fig. 26) armed with 3 sub- 
equal, curved claws. 

Both rami of legs 1-4 indistinctly 2-jointed. Endopodites all similar, terminating in a 
minute, rather blunt seta. Exopodite of first leg with 2 long terminal setae (Fig. 27) and 
2 smaller ones on the second podomere. Second leg (Fig. 28) with second exopodite podomere 
having 2 small setae and a minute knob. Second exopodite podomere of third and fourth legs 
with 3 setae (Figs. 29 and 30). Fifth leg (Fig. 31) a small lobe with 1 distal and 1 lateral seta. 

Egg sac (Fig. 16) 1.320.171 mm, containing about 15 eggs (13-16), reaching to just 
beyond the tip of the abdomen. 

Male: Unknown. 

The genus Lamproglena Nordmann 1832, parasitic on the gills of various 
fresh-water fishes in Europe, Egypt, Belgian Congo, French Sudan, the U.S.S.R., 
Japan, China, and Thailand, contains 16 recognized species (L. lichiae Nordmann 
1832 is insufficiently described). Three of these species are known from the 
Nile River. They are L. angusta Wilson 1928, reported by Wilson and later by 
Monod (1932), on Melapterurus electricus (Gmelin), L. werneri Zimmermann 
1923 on Bagrus bayad Forskal, and L. hemprichi Nordmann 1832 reported by 
Zimmermann (1923) on Hydrocyon lineatus Bleeker. 

In possessing free thoracic segments, L. cleopatra n. sp. differs from chinensis 
Yu 1937, werneri Zimmermann 1923, inermis Capart 1943, minuta Capart 1943, 
robusta Capart 1943, ophiocephali Yamaguti 1939, carasii Sproston, Yin and Hu 
1950, wilsoni Capart 1956, and compacta Markewitsch 1936, all of which have at 
least 2 of thoracic segments 2—5 fused. 

L. cleopatra n. sp. differs also from monodi Capart 1944, elongata Capart 1956, 
and hemprichi Nordmann 1832, all of which have bifid caudal rami; from angusta 
Wilson 1928 which has spine-like caudal rami and small accessory spines on the 


maxilliped hooks; from orientalis Markewitsch 1936 which has a relatively short 


abdomen and long egg sacs, with the fifth segment about the same width as the 
third and fourth and the thoracic segments not separated by deep lateral inden- 
tations; from curta Gusev 1950 which has a short, stout body (0.947-1.03 mm 
long), with a relatively very short abdomen (only about 1/7 of the entire body 
length) ; and from pulchella Nordmann 1832, which is 4-5 mm in length with 
the abdomen about 41% of the total body length and which has the fourth thoracic 
segment equal to or surpassing the head in width. 

Since the first draft of this paper was completed, Mr. G. Fryer of the Joint 
Fisheries Research Organisation, Fort Rosebery, Northern Rhodesia, has kindly 
informed me that he is the author of a paper soon to appear in the Proceedings 
of the Zoological Society of London on parasitic Copepoda from Lake Nyasa, in 
which 2 new species of Lamproglena are to be described. Both are distinct from 
L. cleopatra, one having the thoracic segments confluent and the other having 
bifid caudal rami. 

The host of L. cleopatra, Labeo forskalii, in a cyprinid fish living in fresh- 
water, and probably came from the Nile River. 
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EXPLANATION OF PLATES 


All figures were drawn with the aid of a camera lucida. Scale A applies to Figure 1; scale 
B to Figures 3 and 22; scale C to Figures 2, 4, 9, 11, 13, 14, 23, and 24; scale D to Figures 5, 6, 
10, and 12; scale E to Figures 7, 15, and 31; scale F to Figures 8, 18, and 27-30; scale G to 
Figures 16 and 17; scale H to Figures 20, 21, 25, and 26; and scale I to Figure 19. 


PLATE | 


Sciaenophilus inopinus n. sp., female 
Dorsal. 6. Cuticular spine. 
Caudal ramus. “1G. 7. Tip of mandible. 
Carapace, ventral. 3 8. First maxilla. 
First antenna. “1G. 9. Second maxilla. 
Second antenna. “IG. 10. Maxilliped. 


Pate II 
Sciaenophilus inopinus n. sp., female (continued) 


First leg. Fic. 13. Third leg. 
Second leg. Fic. 14. Fourth leg. 
Fic. 15. Fifth leg. 


Lamproglena cleopatra n. sp., female 
Dorsal. 
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Piate III 


Lamproglena cleopatra n. sp., female (continued) 


Lateral. Fic. 25. Second maxilla. 
Spermatophores attached, ventral. Fic. 26. Maxilliped. 
Caudal ramus. Fic. 27. First leg. 

First antenna. Fic. 28. Second leg. 
Second antenna. Fic. 29. Third leg. 
Carapace, ventral. Fic. 30. Fourth leg. 
Lobed process, ventral. Fic. 31. Fifth leg. 
Lobed process, lateral. 


RESEARCH NOTE 


NEW HOST AND LOCALITY RECORD FOR TRIAENOPHORUS CRASSUS 
FOREL (CESTODA: PSEUDOPHYLLIDEA) 

The adult form of Triaenophorus crassus Forel, 1868 (=T. robustus Olsson, 1893; = T. tri- 
cuspidatus morpha megadentatus Wardle, 1932) occurs as an intestinal parasite in the pike, 
Esox lucius L., a holarctic species of wide distribution. Preliminary life-history stages include 
procercoid development in copepods ef the genus Cyclops followed by plerocercoid development 
in the musculature of a variety of coregonid and salmonid fishes. The unsightly appearance of 
even moderate plerocercoid infections is often sufficient to render fish unacceptable for human 
consumption. In the prairie provinces of Canada the incidence and intensity of 7. crassus in- 
fections in the commercially important whitefishes constitute a serious economic problem. 

During an extensive survey of parasites of chum salmon, Oncorhynchus keta (Walbaum), 
we were supplied with small samples of marine-caught adults taken in August, 1955 and in July, 
1956 in a gill-net fishery conducted near Kotzebue, Alaska (66° 56’ N-162° 30’ W). 
One of 12 salmon in the 1955 sample harbored 3 plerocercoids of 7. crassus in the epaxial 
musculature. Among 10 fish in the 1956 sample, 4 were similarly infected with 1, 2, 6, and 
15 plerocercoids respectively. Inquiry among Kotzebue fishermen by C. Fiscus, Fish and Wild- 
life Service biologist, revealed that the parasite is well known to them and appears in approxi- 
mately 10% of the chum salmon catches from year to year. 

The occurrence of T. crassus in chum salmon is unusual in that this species of salmon ordi- 
narily spawns but a short distance from the sea. Newly hatched juveniles usually remain in 
fresh water only for the short period required for absorption of the yolk sac whereupon they 
descend to the sea, with little or no interim feeding activity, for a maturation period of 4 to 6 
years. Mature chum salmon entering the Kotzebue Sound area eventually spawn in the Kobuk 
and Noatak river systems, each of which has extensive pike populations. It is evident from 
the rate of 7. crassus infection in these chum salmon that significant numbers of juveniles must 
linger and feed in the rivers for sustained periods of time. The relatively common occurrence 
of the parasite in such an atypical intermediate host suggests an even higher incidence in suit- 
able non-anadromous hosts indigenous to the area. 

The foregoing account constitutes the northwesternmost record of 7. crassus in North 
America. Proximate records include the Wood River Lakes system in southwestern Alaska, 
approximately 550 miles to the south; the Teslin Lake region, approximately 950 miles south- 
east on the northern British Columbia border; and Great Bear Lake, Northwest Territories, 
some 1100 miles to the east. The present locality record, well within the boundaries of the late 
Siberian-Alaskan land bridge, lends considerable support to the hypothesis of Lawler and Scott 
(1954, J. Fish. Res. Bd. Canada 11: 884-893) that T. crassus entered North America with 
Esox via that route—J. R. UZMANN AND M. N. HEsseEvuott, U. S. Fish and Wildlife Service, 
Seattle, Washington. 
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PRELIMINARY ATTEMPTS TO ESTABLISH A LABORATORY 
COLONY OF THE HORN FLY, SJIPHONA IRRITANS (L.) 
(DIPTERA: MUSCIDAE)* 


J. McLintock** AnD K. R. DEPNERt 


Veterinary and Medical Entomology Section, Science Service Laboratory, 
Lethbridge, Alberta 


We have not been able to find any reports of the successful colonization of the 
horn fly, Siphona irritans (L.). Glaser (1923, 1924) reported unsuccessful at- 
tempts to rear this insect beyond the first generation. Bruce and Eagleson (1938) 
described a method for feeding the flies but gave no other information on rearing. 
In studies on the bionomics of the horn fly we attempted to establish a laboratory 
colony but have not yet succeeded. 

When our study of horn flies began, we confined wild and laboratory-reared 
flies in various types of cages, including that recommended by Bruce and Eagleson 
(1938), and fed the flies defibrinated and citrated beef blood. On these diets, the 
wild flies stopped laying eggs after 2 or 3 days, and no eggs were laid by the labora- 
tory-reared flies. Dissection of the flies revealed that ovarian development had 
ceased in the wild flies, very little ovarian development had occurred in the labora- 
tory-reared flies, and the spermathecae of the latter contained no sperm. Failure 
of the ovaries to develop in horn flies kept in cages in the laboratory and failure 
of the flies to mate are the principal obstacles to the establishment of a colony. This 
report is an account of our attempts to induce ovarian development and egg-laying 
by feeding the flies on their normal host. 

Rearing the larvae presents no problems. The temperature and humidity re- 


quirements of the eggs, larvae, and pupae are adequately known (Larsen, 1943a, b; 
Larsen and Thomsen, 1941; Thomsen and Thomsen, 1937; Thomsen, 1938; Mc- 
Lintock and Depner, 1954). Cow dung dropped during any month of the year is 
a suitable larva-rearing medium either fresh or thawed after storage at —25° C. 


METHODS 


The methods by which wild and first generation laboratory-reared flies were 
obtained were described by Stirrat et al (1955). 

Two Holstein calves and a Hereford cow served as hosts in these tests. The 
calves were about 6 and 3 months old. The cow was 4 years old. 

Several methods for confining the flies on their host were tried. In the first 
tests, the flies were confined in lantern-chimney cages which were strapped to the 
back of the host. This method worked well on the 6-month-old calf, but was not 
satisfactory on the cow. The chimneys could not be kept in place on the cow 
and most of the flies were lost. 

Another method involved the use of a 3-inch square by 2-inch high cage of 
20-mesh galvanized iron screen which was glued to a clipped area on the _cow’s 


Received for publication, December 19, 1955. 
* Contribution No. 3386, Entomology Division, Science Service, Department of Agriculture, 
Ottawa, Canada. 
** Entomologist, now of the Veterinary and Medical Entomology Unit, Ottawa. 
+ Assistant Entomologist. 
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back. This cage confined the flies, but was found to have injured the hide when 
it was removed. This difficulty was overcome by using a cage of similar design 
that was strapped to the cow’s back. The strapped-on wire cage proved unsatis- 
factory on the 3-month-old calf. The activity of the calf allowed too many flies to 
escape. 

Thomsen (1942, 1948) estimated development of the ovaries in Calliphora 
vicina Desv. (= C. erythrocephala (Mg.)) from the length of the oldest oocytes. 
In Siphona irritans, as in C. vicina, there are no constrictions marking off the first 
oocytes in the ovaries of newly emerged females, so that the oocytes cannot be 
measured at this stage. The first distinguishable oocytes are about 0.1 mm long, the 
ripe oocyte is 1.1 to 1.2 mm long, and the successive sets of oocytes develop syn- 
chronously. The young oocyte is milk-white in color, and the ripe oocyte is yellow. 


RESULTS 


In experiments in which flies were confined for 2 daily feeding periods in 
lantern chimneys on the back of a calf, no eggs were laid by the test or control flies. 
There was a pronounced increase in the amount of ovarian development in the flies 
that were fed on the calf. Nearly all showed some development of the ovaries to 
the point where they could be measured. 

Most of the flies were lost in tests in which they were confined for feeding on 
the back of the cow. However, on the 9th and last day of 1 trial, the remaining 
flies were examined. In the 2 females from 1 chimney, the presence of empty fol- 
licles indicated that the first batch of eggs had been laid. In the single female from 
the other chimney, the lowest oocytes averaged 0.48 mm in length. 

Sixty-three newly emerged to 4-day-old laboratory-reared flies were placed in 
the cage glued to the back of the cow. Nineteen of these were females and 44 were 
males which were not dissected. Three females dissected after 3 days showed the 
presence of blood in the gut and the lowest oocytes were 0.3, 0.4, and 0.5 mm long. 
None of these flies had mated. Three days later 3 more females were examined. 
Two had laid eggs but had not mated. The third had mated and the lowest oocytes 
were half grown (0.6 mm long). Twenty-two flies, of which 10 were females, were 
transferred from the cage on the cow to a lantern chimney containing a small amount 
of fresh cow dung. Two days later all were dead. Examination of the females 
showed that 9 had deposited eggs and 3 had mated. The remaining 15 flies, 3 of 
which were females, were removed from the cow’s back and placed in a lantern 
chimney with fresh cow dung on the 8th day. On the following day all the females 
were dead but 20 viable eggs had been laid. Examination of these females showed 
that all had mated and had laid eggs. A collapsed cylindrical section at the 
posterior ends of the ovaries of 1 female suggested that more than 1 set of eggs had 
been laid. Four trials were made in which flies were confined on the back of the 
host. 

Some increase in size occurred in the other oocytes in the ovarioles while the 
lowest oocytes were developing. On 2 occasions, in females from the back of the 
cow, the lowest oocytes were ripe, some eggs had been laid, and the next oocytes 
averaged 0.5 mm and 0.6 mm in length. A more extreme example of this was found 
in another female in which 2 sets of oocytes were almost fully developed. Here 
the lowest oocytes had a length of 1.1 mm, the second lowest were 1.0 mm long, 
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and the third lowest were 0.4 mm long. 

Fully ripe eggs were found in the ovaries on the 4th day, but no fly laid eggs 
before the 5th day. Of the 20 female flies examined that had been on the cow for 
5 or more days, 16 had laid eggs. Of the 8 examined that had been on the back of 
the calf for 6 days, only 1 had laid eggs. 

DISCUSSION 

Colonies of blood-sucking insects are usually maintained either by allowing the 
insects to feed directly on their host or by providing the insects with the preserved 
blood of their host. For horn flies, the latter method would have been the more 
convenient and would have allowed better control of the colony. We had tried 
the host when it was found that the ovaries failed to develop on a diet of preserved 
blood. A colony of horn flies could probably be maintained on a cow stabled in a 
screened stall, but this would allow little control over the colony. Our tests sug- 
gest the possibility of confining the flies on the back of a cow during the period of 
ovarian development in the flies. However, the timing of the feeding period would 
be critical because the flies deposit mature eggs on the back of the cow and they are 
difficult to find among the hairs of the hide. On the other hand, conditions for 
egg-laying on the back of the cow are probably not fully satisfactory, which might 
explain why 2 sets of ripe oocytes in each ovary were found in some females; but a 
phenomenon of this kind might be exploited for rearing. 

Horn flies are intermittent feeders (Bruce, 1942; Thomsen, 1938) and it is be- 
lieved that they should be fed at least twice a day in the laboratory. When we were 
unable to obtain full ovarian development in flies fed twice a day on a calf, we 
thought that the flies probably had to feed more frequently, but the results were 
only slightly better when the flies were kept continuously on the back of a calf. 


On the other hand, eggs were deposited by 2 of the 3 flies that had been given an 


opportunity to feed twice a day on the cow. This suggests that, for horn flies, the 
nutritional values of cow’s and calf’s blood are different. 

The difficulty that we encountered in keeping the flies alive on the back of the 
calf suggests that the physical environment provided by a calf is not as suitable for 
horn flies as that provided by the cow. These observations might help to explain 
why horn flies are less abundant on calves than on older animals. It is also a com- 
mon observation that horn flies are more abundant on bulls than on cows; hence it 
would be interesting to compare a cow and a bull as hosts. A bull was not available 
during this study. 

Blood drawn by a blood-sucking insect from its normal host is usually adequate 
for ovarian development, but some blood-sucking insects are able to complete their 
ovarian development on the blood of other hosts. For example, human body lice 
do well on rabbits (Culpepper, 1948). The possibility of using hosts other than 
cattle for horn flies still has to be explored. 


SUMMARY 


Complete development of the oocytes did not occur when horn flies were fed on 
defibrinated or citrated beef blood. The oocytes attained about half their full de. 
velopment when the flies were fed twice daily on a calf. Oocytes developed fully 
and eggs were laid when the flies were fed twice daily on a cow but the flies were 
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difficult to control. Flies in cages on the back of a calf survived up to 6 days, and 
on the back of a cow at least 8 days. 

When flies were confined in a cage on the back of a calf, eggs were laid by 1 
out of 14 females examined, only partial development of the oocytes occurred in the 
remainder, and no evidence of mating was found. When flies were confined on the 
back of a cow, eggs were laid by 16 out of 29 females examined and 9 females had 
mated. Egg-laying did not begin before the 5th day of confinement on the host. 
Five unmated females deposited eggs. For the horn fly, cow’s blood and calf’s blood 
apparently differ in nutritional values, and the physical environment provided by a 
calf does not seem to be as suitable as that provided by a cow. 
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IXODES BANKSI BISHOPP (ACARINA; IXODIDAE) I* 
DESCRIPTION OF THE MALE AND LARVA 


Kirsy L. Hays AND WILLIAM H, LAWRENCE 


School of Natural Resources, University of Michigan, Ann Arbor 


Ixodes banksi was described by Bishopp from a series of 15 females and 7 
nymphs collected from the muskrat (Ondatra zibethica), Mammoth Springs, Ar- 
kansas, June 14, 1910. It was not again collected until 1949 when 3 nymphs were 
found on a beaver (Castor canadensis) trapped in the Sudbury District, Ontario, 
Canada (Kohls, 1954; Davies, 1954; personal communications). Since 1949 
there have been other records of J. banksi from beavers in western Ontario (Fyvie, 
1955; personal communication; Lawrence and Graham, 1955), from beavers, 
muskrats, and otters in the Upper Peninsula of Michigan (Lawrence et al, 1956), 
and from beavers in northern Wisconsin (Bradle, 1956; personal communication ). 
The Michigan records of /. banksi were obtained in 1953 during an investigation 
of epizootic tularemia in the Upper Peninsula. Subsequent collections from this 
area indicate that this tick is a well-established ectoparasite of beavers and muskrats. 

Only a few males of this species have been obtained in nature. One was found 
mating with an attached and partially engorged female and others were recovered 
from nest material of beaver lodges. However, we have reared a number of males 
in the laboratory. 

This paper presents a description of the heretofore undescribed male and larva. 


A subsequent paper will deal with the life history and ecology of this species. 


Ixodes banksi Bishopp 
Male (allotype) 
(Fig. la, b, c, d, e) 


Body: Oval, widest at level of spiracular plates. Length, tips of scapulae to posterior margin, 
2.57 (2.24 to 2.67),1 width across spiracular plates 1.71 (1.52 to 1.87). Ventral plates light 
brown; other body integument whitish in life, becoming brownish in alcoholic specimens, ob- 
scuring the pregenital and epimeral plates. 

Capitulum: Dorsal aspect; length, tip of palpi to posterior margin of basis, 0.49 (0.39-0.49). 
Width of basis at base of palpi 0.38 (0.30 to 0.37). Dorsum of basis flattened, finely punctate ; 
posterior and lateral margins straight and ridged; lateral margins strongly convergent behind; 
cornua absent. Palpi short and broad, widest across anterior margin of article 2. Combined 
length of articles 2 and 3, 0.30 (0.25 to 0.37), width 0.16 (.11 to .16). Hairs moderate in num- 
ber and length. Venter of the basis reticulate with a U-shaped ridge running across the basis 
from each palpus. Auriculae as moderately prominent lateral extensions of this ridge. Inner 
lateral surfaces of palpi excavated. 

Hypostome: Broad and thick, rounded and weakly notched apically. With three paired rows 
of denticles; lateral rows protruding over the lateral edges; median rows minute. Length of 

Received for publication August 17, 1956. 

* Paper No. 6. Tularemia Project, School of Natural Resources, in cooperation with the 
Bacteriology Department and School of Public Health, University of Michigan, and supported 
by Research Grant E-688 National Institutes of Health and Faculty Research Grant 914, 
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1 Measurement of allotype followed by parentheses enclosing the range observed from 10 
specimens. All measurements in mm. 
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hypostome 0.18 (0.18 to 0.25). 

Scutum: Scapulae short, round pointed. Surface of scutum convex; punctations numerous 
and small; in irregular pattern. Pseudoscutum invisible. Lateral carinae absent. Cervical 
grooves shallow. Setae small, but present in moderate numbers. 

Ventral Plates: Pregenital plate mushroom shaped, strongly sclerotized. Median plate ap- 
proximately 1.4 times as long as anal plate; adanals wider anteriorly; anal plate broader than 
adanals posteriorly. Hairs and fine punctations present on all plates. Epimeral plates pres- 
ent; triangular, approximately twice as long as wide; edges of plate ragged. 

Legs: Of medium length and size. Length of tarsus I, 0.47 (0.49 to 0.59), metatarsus 0.39 
(0.32 to 0.39). Length of tarsus IV 0.51 (0.40 to 0.58) metatarsus 0.35 (0.32 to 0.45). 

Coxae: Convex, smooth, shining, and with small setae. Internal spurs on coxae I only; long, 
thin, pointed, and straight. Internal corners of coxae II, III, and IV, moderately salient. Ex- 
ternal spurs on all coxae, larger on II and III. 

Spiracular plate: Larger than in the female. Slightly convex, ovoid in shape, anterior end 
larger; macula in antero-median end. Goblets numerous and of medium size. Longitudinal 
axis measuring 0.64 (0.52 to 0.72). Six dissected plates average 0.60 x 0.39. 

Genital aperture: Situated medianly at the level of coxa III. 

Specimens examined: 10 males; reared from nymphs collected from a beaver (Castor canaden- 
sis Kuhl), Iron County, Michigan Section 28, Township 43 North, Range 33 West, August 10, 
1955. 

Allotype deposited in U. S. National Museum. Other males in the series have been placed 
in the following collections: Rocky Mountain Laboratory, Hamilton, Montana; Communicable 
Disease Center, Atlanta, Georgia; University of Michigan Museum of Zoology, Ann Arbor; 
Museum of Comparative Zoology, Cambridge, Massachusetts; Livestock Insect Laboratory, 
Kamloops, British Columbia, Canada; and the personal collections of the authors. 


On the basis of the characteristics of the hypostome and scutum, the /. banksi 
male will key to /. rugosus in the monograph of Cooley and Kohls (1945). It is 
readily distinguished from the latter species by a larger spiracular plate with the 
longer axis longitudinal rather than transverse, and its occurrence on semi-aquatic 
mammals rather than terrestrial species. In addition, /. banksi is known at present 
from Arkansas, Michigan, Wisconsin, and Ontario, but is probably more widely 
distributed than present records indicate. Collection records of J. rugosus indicate 
a distribution restricted to the coastal areas of California, Oregon, and Washington. 
The recently described male of /. woodi (Kohls, 1950) is also readily distinguished 
from J. banksi by a smaller spiracular plate, with the longer axis transverse, and 
by a deeply notched hypostome, with a denticular arrangement of 4/4. J. banksi 
has a weakly notched hypostome and denticular arrangement of 3/3. All known 
records of /. woodi are from the woodrat (Neotoma). 


Larva 

(Fig. I f, g) 
Body: Suboval not including capitulum; length from tip of palpi to posterior margin 0.66 to 
0.72, width 0.43 to 0.50. Scutum occupies about half the length of the body. In life, body 
light with brown scutum and legs. 
Capitulum: Length from tips of palpi to posterior margin (ventral aspect) 0.21 to 0.22, width 
at base of palpi 0.15 to 0.17. Dorsum of basis smooth with a transverse ridge. Posterior mar- 
gin of venter rounded; lateral margins straight or slightly convex, venter sculptured. Palpi 
short; widest across anterior part of article II. 
Hypostome: Broad and thick, rounded apically ; with 2 distinct rows of denticles, lateral rows 
forming lateral margins. Length 0.08 to 0.09. 
Dorsum: Scutum roughly rhombical, corners rounded, length 0.27 to 0.33, width 0.31 to 0.36; 
scutum very finely punctate, with sparse small setae; cervical grooves shallow. Scapulae short, 
rounded. Dorsal integument rugose; setation as shown in Figure 1 f. 
Venter: Unsclerotized. Ventral integument rugose, with scattered, moderately large setae, 
6 appearing mesad to the coxae, others along posterior margin of body. Anus slit-like, with 


2 Range of measurement observed in a series of 7 mounted specimens. 
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a pair of median lateral setae. Setation as shown in Figure 1 f. 

Coxae: Smooth, without spurs. All coxae with 2 setae. Legs longer than body, third pair 
longest. 

Specimens examined: 37 larvae. Reared in laboratory from eggs laid by female collected as 
nymph from a beaver; Iron County, Michigan, August 10, 1955, Section 28, Township 43 North, 
Range 33 West. 
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EXPLANATION OF PLATE 
Ixodes banksi Bishopp 
Drawings based on freshly preserved specimens 
A. Dorso-ventral aspect of male. 
B. Male capitulum, venter. 
Spiracular plate with epimeral plate, male. 
D. Metatarsus and tarsus, male, leg I. 
Metatarsus and tarsus, male, leg IV. 
Dorso-ventral aspect of larva. 
Larval capitulum, venter. 
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TREMATODES OF FISHES FROM THE RED SEA. PART 8. 
FIVE SPECIES IN THE FAMILIES SCHISTORCHIDAE, 
ACANTHOCOLPIDAE, AND HETEROPHYIDAE* 


H. F. NaGcAty 
Faculty of Medicine, Abbasia, Cairo, Egypt 


The following trematodes were collected by the author in Egypt and their study 
was completed at the University of Nebraska in 1954, during the tenure of a Full- 
bright award. Type specimens are kept at the Department of Parasitology, Faculty 
of Medicine, Abbasia, Cairo, Egypt. 

All measurements are in millimeters. 


Family SCHISTORCHIIDAE 
Schistorchis haridis n. sp. 


(Fig. 1) 


Description (Based on 11 specimens): Body fleshy, broad and rounded anteriorly, more 
tapered posteriorly; 5.5 to 8 long, 1.4 to 2.2 in greatest width; cuticle smooth; acetabulum em- 
bedded in parenchyma, about 4% body length from anterior end, slightly larger than oral sucker, 
0.6 to 0.84 in diameter. Gland cells in parenchyma especially numerous just posterior to ace- 
tabulum. Oral sucker subterminal, 0.66 to 0.7 in diameter; pharynx large, 0.25 to 0.33 in di- 
ameter; prepharynx and esophagus very short or absent; intestinal ceca end blindly near 
posterior end of body. Testes 11, in a zigzag, median row, mostly in posterior half of body. 
Seminal vesicle dorsal to acetabulum; cirrus and cirrus sac lacking. Ovary median, pretesticu- 
lar, close to acetabulum; seminal receptacle close to ovary; vitellaria lateral, extending from 
level of ovary to posterior end of body; uterus short, between ovary and acetabulum, bending 
around left side of acetabulum to genital pore situated immediately anterior to and towards left 
side of acetabulum. Eggs thin-shelled, 0.069 to 0.077 by 0.040 to 0.056. 

Host: Pseudoscarus harid, locally called “Harid”. 

Locality: Ghardaga 

Discussion: This species is probably nearest to Schistorchis callyodontis Yamaguti, 1942. 
It differs from it in the following respects: The acetabulum is slightly larger than the oral 
sucker, rather than being equal in size; the seminal vesicle is dorsal to the acetabulum rather 
than posterior to it; the pharynx is larger; the ovary is much nearer the acetabulum; and the 
genital pore is to the left, rather than median. S. callyodontis is from Callyodon sp. in Japan. 

Hanson (1953) considered the genus Schistorchis in the family Lepocreadiidae, subfamily 
Homalometroninae. 


Family ACANTHOCOLPIDAE 
Stephanostomum platacis n. sp. 
(Figs. 2-3) 


Description (Based on 5 specimens) : Body elongate, 3 to 4 long, 0.3 to 0.4 in maximum 
width ; anterior third translucent, tapering ; cuticle with spines that decreases in size and number 
towards the middle of the body. Acetabulum 0.183 to 0.22 in diameter; at posterior part of 
anterior fourth of body length. Oral sucker 0.088 to 0.144 in diameter, with about 40 wedge- 
shaped spines in 2 rows, interrupted ventrally; mid-ventral spines smaller and separated by 
a single very small median spine (Fig. 3); longest spines average 0.046. Prepharynx long; 
pharynx pyriform, 0.183 to 0.228 long by 0.088 to 0.124 wide; situated immediately anterior to 
acetabulum or partly overlapping it dorsally; esophagus very short or lacking; intestinal ceca 
end blindly close to posterior end. 

Testes 2, elongated, close together, at anterior part of posterior half of body; cirrus sac 
long, sinuous, a little over 1/3 total length of body, extending posteriorly to more than 2/3 the 
space between acetabulum and ovary; seminal vesicle in posterior third of cirrus sac. Genital 
pore median, immediately anterior to acetabulum. Ovary spheroid, closely anterior to anterior 
testis, at equator of body; shell gland complex well developed, anterior to ovary; vitellaria 
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lateral, confluent posterior to testes, extending anteriorly more than half way between ovary 
and acetabulum, overlapping posterior third of cirrus sac. Uterus preovarian, containing a few 
eggs; eggs 0.063 by 0.042 in size. 

Host: Platax sp., locally called “Ferdewa bayad”. 

Locality: Ghardaga 

Discussion: This species is very similar to S. bicoronatum (Stossich, 1883). It differs in 
being much smaller, with smaller eggs, and with 40 rather than 30-33 oral spines. The ventral 
interruption of oral spines is complete in S. bicoronatum. S. platacis differs from S. ditrematis 
(Yamaguti, 1942) in that the ovary is close to the anterior testis, and the vitellaria extend an- 
terior to the base of the cirrus sac. 


Stephanostomum naucrotis n. sp. 
(Figs. 4-5) 

Description (Based on 2 specimens): Body elongated with parallel sides; cuticle with 
spines that decrease in size and number towards the posterior half of body; length 1.387 to 
1.789; greatest width 0.217 to 0.256; acetabulum larger than oral sucker, 0.123 to 0.14 in di- 
ameter, at posterior part of anterior fourth of body length. Oral sucker 0.088 to 0.105 in 
diameter, with a double row of 32 wedge-shaped spines that are of about equal length of 0.035. 
Prepharynx relatively short; pharynx well developed, elongated, 0.105 to 0.049 in diameter ; 
esophagus very short; intestinal bifurcation at anterior border of acetabulum; ceca join ex- 
cretory vesicle to form a cloaca. 

Testes 2, spheroid or slightly elongated, separated by about the diameter of 1 testis, at 
posterior third of body length; cirrus sac sinuous, about 1/3 or more of total body length; ex- 
tending not quite to midbody and about ™% distance between acetabulum and ovary; internal 
seminal vesicle about half length of cirrus sac; genital pore median at anterior border of ace- 
tabulum. Ovary spheroid or slightly elongated, pretesticular, at posterior part of middle third 
of body and separated from anterior testis by about diameter of ovary. Vitellaria extending 
from posterior end of body laterally and between the gonads to level of posterior end of cirrus 
sac. Uterus with comparatively few eggs, 0.053 by 0.035. 

Host: Naucrotes ductor, locally called “Hash-sha”. 

Locality: Ghardaga 

Discussion: This species is nearest to S. ditrematis (Yamaguti, 1939) Manter, 1947 to which 
it keys in Caballero’s (1952) key. It differs in its much smaller size; 32 rather than 36-40 oral 
spines; shorter prepharynx; and smaller eggs. 


Stephanostomum casum (Linton, 1910) McFarlane, 1934 
(Figs. 6-8) 


Twelve specimens were obtained from the intestine of Lethrinus mehsenoides, L. nebulosus, 
Sargus noct, and Balistes aculeatus; locally called respectively “Mehseneia”’, ‘““Sho-oura”, “Abu 
Nocta” and “Hegm”. 

S. casum is known from Tortugas, Florida; Bermuda; and the Mexican Pacific. Cabal- 
lero (1952) considers Linton’s (1940:58) Stephanostomum sp. at Woods Hole as this species, 
and accepts McFarlane’s (1936) record from British Columbia although Manter (1947, p. 304) 
doubts that identification. 

These specimens were at first believed to represent a new species, and their identity with 
S. casum is more or less uncertain. A comparison with the figures and descriptions of S. casum 
by Pratt (1916) and Linton (1910) reveals agreement in sucker ratio, extent of vitellaria, ex- 
tent of cirrus sac, position of gonads; slightly wider eggs (0.075 to 0.081 by 0.056) compared 
with 0.06 by 0.045 reported by Pratt; 0.061 to 0.078 by 0.043 to 0.049 reported by Manter (1947). 
The number of oral spines is not over 36 and may possibly be as low as 32, compared with 36 
in S. casum; but these spines are difficult to count along the edges of the sucker. The chief, 
apparently differing character is a longer esophagus in my specimens where it is about 1% to 1% 
the length of the prepharynx, whereas it is very short in S. casum. However, some specimens 
of S. casum from Florida and from the Mexican Pacific show an esophagus very close to that 
of the Red Sea material. In view of the contractility of the forebody, it does not seem wise 
to base a new species on this character alone, until the limits of variation are better known. 


Family HETEROPHYIDAE 
Metadena leilae n. sp. 
(Fig. 9) 


Description (Based on 18 specimens) : Body ovoid, 0.94 to 1.24 long by 0.4 to 0.66 in max- 
imum width; cuticle scaled. Acetabulum more or less embedded in body wall, at end of first 
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third of body length; 0.08 to 0.095 in diameter. Oral sucker terminal, larger than acetabulum, 
0.135 to 0.165 in diameter. Pharynx well developed, 0.088 to 0.105 in length; esophagus very 
short; intestinal ceca simple, bowed in their anterior half, ending blindly about 1/10 body length 
from posterior end. Testes 2, ovoid, with their long axes converging anteriorly or sometimes 
parallel, entire or slightly indented, fairly large, slightly oblique or sometimes symmetrically op- 
posite, mainly or wholly extra-cecal, at 3rd fourth of body length. Seminal vesicle large, pos- 
terior to acetabulum, to left of median plane. Genital pore median, within the acetabular de- 
pression. Ovary median, with about 12 fairly large lobes; pretesticular, at posterior part of 2nd 
fourth of body length; seminal receptacle between ovary and acetabulum, lateral to seminal vesi- 
cle. Vitellaria composed of small follicles in 2 lateral fields, overlapping ceca but mostly lateral 
to them, extending anteriorly to pharynx and posteriorly to testes. Uterus with lateral coils, 
filling greater part of body posterior to acetabulum; coils extending lateral to intestinal ceca. 
Eggs ovoid, 0.016 to 0.018 by 0.09 to 0.10. Excretory vesicle bifurcates posterior to ovary, the 
2 branches reaching the oral sucker. 

Host: Lethrinus rostratus, locally called “Hebra”. 

Locality: Ghardaga 

Discussion: This species is nearest to M. crassulata Linton, 1910 from which it differs in 
the more elongate body, more posterior testes, more separated vitelline fields, and in fewer 
ovarian lobes. 

SUM MARY 


The following digenetic trematodes are reported from the Red Sea: Family 
Schistorchiidae : Schistorchis haridis n. sp. from Pseudoscarus harid. Family Acan- 


thocolpidae: Stephanostomum platacis n. sp. from Platax sp.; S. naucrotis n. sp. 
from Naucrotis ductor; S. casum (Linton, 1910) from Lethrinus mehsenoides, L. 
nebulosus, Sargus noct, and Balistes aculeatus. Family Heterophyidae: Metadena 
leilae n. sp. from Lethrinus rostratus. 
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EXPLANATION OF PLATE 


All drawings were made with the aid of a camera lucida. The value of the scale is in mms. 
Figure 1. Schistorchis haridis. Ventral view. 

Figure 2. Stephanostomum platacis. Ventral view. 

Ficure 3. S. platacis. Oral spines. Ventral view. 

FIGuRE 4. . naucrotis. Ventral view. 

Ficure 5. S. naucrotis. Anterior end. 

FicureE 6. S. casum. Ventral view. 

FIGURE 7. . casum. Anterior portion of body, right lateral view. 

Ficure 8. S.casum. Oral sucker with oral spines. 

Ficure 9. Metadena leilae. Ventral view. 
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VARIATIONS IN INFECTIONS OF DIPLOSTOMUM FLEXICAUDUM 
(CORT AND BROOKS, 1928) IN SNAIL INTERMEDIATE 
HOSTS OF DIFFERENT SIZES 


WItiiam W. Cort, KATHLEEN L. Hussey AND DoNALpD J. AMEEL 


Diplostomum flexicaudum (Cort and Brooks, 1928) is by far the commonest 
trematode species in the snails of the Douglas Lake region of northern Michigan. 
Its cercaria was described by Cort and Brooks (1928) and its life cycle was worked 
out experimentally by van Haitsma (1931). The metacercaria was described by 
Hughes and Berkhaut (1929) as Diplostomulum gigas from the lens of the eyes 
of the common sucker, Catostomus commersonnii. The adult is a parasite in the 
small intestine of the herring gull, Larus argentatus. The cercaria of this species 
is very common in the beach snails, Stagnicola emarginata angulata (Sowerby) and 
S. e. canadensis (Sowerby). It has also been found in the Douglas Lake region in 
Lymnaea stagnalis appressa Say, L. s. perampla Walker, Stagnicola exilis (Lea), 
Stagnicola palustris elodes (Say) and Fossaria abrussa (Say). 

Since its snail hosts vary so greatly in size, D. flexicaudum is ideal for the study 
of the adaptation of a trematode species to intermediate hosts of different sizes. The 
cercariae of this species are very characteristic in structure and behavior, and there 
is not the slightest evidence that we have been dealing in this study with more than 
one species or with varieties of a species. Measurements of cercariae did not show 
size differences related to the size of the intermediate hosts. The slight variations 
that we found in the different lots, which were measured, appeared to be due to dif- 
ferences in the killing procedures, since some lots from a large host were slightly 
smaller than others from much smaller ones. 


MATERIALS AND METHODS 


In the present study comparisons have been made of infections of D. flexicaudum 
in adults of S. emarginata, S. palustris, L. stagnalis, and F. abrussa, and in juveniles 
of different sizes of F. abrussa and S. emarginata. 

The figures used for comparisons of snail size are measurements with a millimeter 
rule of the length and greatest width of the shell. Both dimensions had to be con- 
sidered because the width of the shell is as important as its length in relation to the 
size of the snail’s body, and especially to the size of the digestive gland, in which 
most of the daughter sporocysts of this species develop. 

In comparing the size of the infections we have depended primarily on counts 
of daughter sporocysts. Since all except small immature sporocysts are easily 
broken when the tissues of an infected snail are teased apart, the actual counts were 
made of the anterior ends, which are rather easily spotted because of their character- 
istic shape and movement. Whenever possible the numbers of small immature 
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daughter sporocysts were listed; those containing active fully developed cercariae 
were considered as mature. 

For comparison of the infections in the different sized hosts the lengths of 
daughter sporocysts that were isolated unbroken were also measured. They are 
so easily broken that it proved to be almost impossible to obtain representative sam- 


ples from individual infections. However, sufficient measurements: were made so 
that the lengths of the daughter sporocysts could be compared between groups of 
snails, which differed considerably in size. Using only measurements of length of 
daughter sporocysts for comparison greatly minimizes size differences. In daughter 
sporocysts, which are 1 to 2 mm in length, the diameter is about 0.1 mm, while in 
the largest ones it is about 0.2 mm. It is evident, therefore, that the actual bulk of 
sporocysts, which were over 5 mm in length, would be many times that of those un- 
der 2 mm in length. 

In a few cases counts were made of the numbers of cercariae that escaped during 
a 24-hour period from snails of different sizes. Such counts were difficult to make, 
and were probably too small, especially when the numbers of cercariae were very 
large. The infected snails were kept in the laboratory in bottles for 1 day before 
the counts were started. The cercariae that escaped into the bottles were collected 
at the end of 12 hour periods and were killed in hot 10% formalin. They had to be 
counted individually after transfer to lined Syracuse watch glasses because they 
had a tendency to stick to the surfaces of the container and the surface film of the 
water. 

Counts of the contents of a few daughter sporocysts of different sizes were made 
with a compound microscope after they had been carefully broken up on a slide with 
sharp needles. Such counts are probably somewhat too small, especially for small 
embryos and germinal masses, which are easily broken up. 

In all infections an attempt was made to find and study the mother sporocysts. 


OBSERVATIONS 


Infections in juveniles and adults of S. emarginata 


S. emarginata is by far the commonest beach snail along the shores of Douglas 
Lake, and D. flexicaudum is the commonest trematode in this snail. Toward the 
end of the summer the incidence of this species in large juveniles and adults is often 
very high. Information is available on the seasonal cycle of infection of D. flexi- 
caudum in relation to the life cycle of this snail (Cort, 1941; Cort, McMullen, Oliv- 
ier and Brackett, 1940). Only adults of S. emarginata are present on the beaches 
in the early summer. They lay eggs during June and July and gradually die off in 
the late summer and early fall. The period of embryonic development is about 2 
weeks when temperatures are favorable, and the newly hatched juveniles are about 
1 mm in length. These juveniles grow rapidly during the summer and by early 
September the largest are larger than the smallest adults. In spite of this overlap- 
ping in size it is possible to distinguish the juveniles from the adults by shell charac- 
ters. Infections of S. emarginata with D. flexicaudum occur in 2 waves. The 
juvenile snails begin to be infected as soon as they appear on the beaches in late 
June and early July and by the first of September, mature, and even some old 
infections, are found in some of them. Examinations of the adult snails in the early 
summer show a great decrease in the incidence of infection (Cort, 1941, Table I). 
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However, a wave of new infections enters the adults early in their second summer. 
These come to maturity in large numbers in July and August, and appear to die 
out only with the death of their snail hosts. 

Our series of S. emarginata infected with D. flexicaudum includes a group of 
rather small juveniles, and one of adults. The infections in the juveniles were 
studied over a period extending from July 14 to August 8, and most of those in the 
adult snails from June 22 through July 1; the other infected adults were obtained 
later in the summer. In the infections in all but a few of the smallest juveniles in 
our series, cercariae were being produced in considerable numbers, and in the 
others the infections were almost mature. It is evident, considering the time re- 
quired for development, that the miracidia must have penetrated these juvenile snails 
when they were very small. The infections in the adult snails must have occurred 
when they were large juveniles in the late fall, or after they reached the adult stage 
in the early spring. Our series, therefore, includes infections that developed in very 
small juveniles of S. emarginata compared with those that developed in snails that 
were almost or completely full grown. 

In the infections of D. flexicaudum in S. emarginata the mother sporocysts are 
located among the organs in front to the digestive gland. In mature infections, 
especially in larger snails, it is difficult to find the mother sporocysts. The location 
of the daughter sporocysts varied considerably. The digestive gland was usually 
completely occupied, but some sporocysts were always present in front of it. In 
some cases the number in front of the gland was large and they were in tangled 
masses, not imbedded in the tissues. Usually, however, they were in the tissues on 
the surface of and between the organs. 

We will consider first the infections in a series of 20 juveniles of S. emarginata 
which ranged in size from 7.5 by 5 mm to 14.5 by 10 mm. Table I summarizes 
the information obtained from the study of this group. Unfortunately the mother 
sporocysts were not found in 8 of these snails. This may be evidence that they were 
dead and disintegrating, which makes them much harder to find. This view is per- 
haps supported by the finding that in all except 2 of the infections in which mother 
sporocysts were not found (Nos. 8 and 14) there were very few immature daughter 
sporocysts. Three of the infections (Nos. 2, 4, 5) had mother sporocysts that con- 
tained active elongate daughter sporocysts, indicating that the migration of the 


daughter sporocysts was not completed. In 8 cases (Nos. 1, 3, 9, 11, 13, 16, 17, 20) 


it seemed probable from the condition of the mother sporocysts that production of 
daughters had ceased. In all except 1 of these 8 infections (No. 3) only a small 
proportion of immature daughter sporocysts was present. Some of these mother 
sporocysts contained a few small embryos and germinal masses which appeared to 
be dead. It appears, therefore, that these mother sporocysts had ceased producing 
new daughters at about the time that the first cercariae in the oldest daughter sporo- 
cysts reached full development. It is interesting that the smallest snail of this series 
(No. 1) had 3 mother sporocysts. It is not surprising that it contained such large 
numbers of daughter sporocysts and that most of them were immature. Some of 
its daughters, however, contained fully developed active cercariae, 

In analyzing the daughter sporocyst counts in these juvenile snails (Table 1) 
we eliminated the multiple infection (No. 1) and the four in which the production 
of daughter sporocysts by the mother sporocysts was probably not completed (Nos. 
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TaseE I. Infections of D. flexicaudum in small juveniles of S. emarginata 





Total No. of 
Age of no. of immature 
infection daughter daughter 
sporocysts sporocysts 


Snail Date 
size of 
(mm) exam. 


Condition of mother sporocyst 





7/26 Young 226 Most Three ; almost empty 
Mature 
7/14 Immature 10 Contained living large daughter 
sporocyst embryos. 
Young 5 99 Active, but almost empty 
Mature 
Immature Large Still producing daughter sporocysts 
Proportion 
Immature Most Still producing daughter sporocysts 
Young 82 8 Not found 
Mature 
Young é A few Not found 
Mature 
Young 83 Not found 
Mature 
Young 5 Some Almost empty; contained only a few 
Mature small embryos & germinal masses 
Young 10 Not found 
Mature 
Young ; A few Almost completely empty ; appeared 
Mature dead 
Young 206 Some Not found 
Mature 
Young 153 16 Practically empty ; appeared dead 
Mature 
Immature 118 All Not found 
Young 35 Some Only small part found ; appeared dead 
Mature 
Mature 123 Practically empty ; appeared dead 
Young 191 é Almost empty; contained only a few 
Mature small embryos 
Old 58 Not found 
Mature 
Mature Not found 
Mature Only a fragment found ; appeared 
dead 


2,4, 5 and 14). The other 15 infections had counts of daughter sporocysts varying 
from 51 to 206 with an average of 123.3. It is of course possible that some of the 
largest counts represented multiple infections, but there was no direct evidence 
for this. Within this group there appears to be little if any correlation between 
snail size and daughter sporocyst number in individual infections. For example, 
one of the largest snails had one of the smallest numbers (No. 18), while one of the 
smallest (No. 3) had the third from the largest number. In none of these snails 
did the digestive gland appear to be badly crowded with sporocysts, or badly injured 
by the infection. 

A series of 20 infections of D. flexicaudum in adult snails will be used for com- 


parison. In a few of these infections small numbers of immature daughter sporo- 


cysts were present. In only 5 of them were mother sporocysts found, all of which 
were dead and completely exhausted. All these infections were producing large 
numbers of cercariae, with only a few past the peak of cercarial production; none 
could be classed as old. 

The numbers of daughter sporocysts counted in the infections in this series of 
mature snails varied from 107 to 523 with an average of 233.8. The average is al- 
most twice as large as that of the infected juveniles (Table 1). While there is no 
direct evidence that any of these infections had developed from more than one mother 
sporocyst, the two largest counts (430 and 523) seem somewhat out of line with 
the rest of the series. It is possible, therefore, that they might have been multiple 
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infections. If they are eliminated, the number of daughter sporocysts in the remain- 
ing 18 infections varies from 107 to 315 with an average of 195.7, which is still a 
much larger average than that in the juveniles. 

Measurements of the lengths of daughter sporocysts of D. flexicaudum in juven- 
iles and adults of S. emarginata of different sizes are given in Table II. From the 


TABLE II. Lengths of daughter sporocysts of D. flexicaudum from infections in juveniles 
and adults of S. emarginata 





Length of daughter 
No. of sporocysts (mm) 
Meas. 


No. of 
daughter 
sporocysts 


Infection Snail size 
number in (mm) 





Average 


9.5 «6 
10x6 
9.5 x 6.5 
ce ee 
Total smallest juveniles 
13 x9 
15 x8 
Total for larger juveniles 
18 x 11 
19 x 11 
18 x 12 
23 x 16 
22.5 x 18 
24 x 18.5 
Total for adults 
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table it is seen that the average length of daughter sporocysts from the adult snails 
was more than twice that of those from the smallest juveniles and considerably 
larger than those from 2 medium sized juveniles. The general impression we ob- 
tained from our studies was that the daughter sporocysts from the largest snails 
of this species were usually even larger than the figures in Table II indicate. The 
great variation in the averages of the measurments from individual infections in 
the adult snails (Table Il) may be due to small numbers measured, since in no case 
could we be sure that the sporocysts measured were a good sample of the whole 
infection. At any rate it is evident from the measurements given in Table II that 
the daughter sporocysts of D. flexicaudum in S. emarginata grow to considerably 
larger size in the larger snails than in the smaller ones. 


Infections in S. palustris 


Two infections with D. flexicaudum were found in S. palustris. In one of them, 
in a snail 24 by 10 mm, there was a large exhausted mother sporocyst. This was a 
young mature infection and a few immature daughter sporocysts were present. The 
count of daughter sporocysts was 184. 

The second infection was in a snail 25 by 9.5 mm, which also contained a few ma- 
ture daughter sporocysts of Schistosomatium douthitti. However, most of the 
digestive gland was occupied by mature daughter sporocysts of D. flexicaudum, of 
which the count was 285. The 16 daughter sporocysts measured from these two 
infections varied in length from 4.3 to 9.1 mm with an average of 6.12 mm. 


Infections in L. stagnalis 


Counts of daughter sporocysts were made in 7 infections of D. flexicaudum in 
L. stagnalis. Several others were examined, in which counts were not made. It 
was very difficult to make counts of the sporocysts in infections in this host because 
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they were so numerous and were usually matted tightly into the tissues of the diges- 
tive gland. Also, in some infections a large proportion of the sporocysts were old 
and partly empty. For these reasons, it seems probable that the counts that were 
made were somewhat less than the true numbers. The counts from the 7 infections 
in L. stagnalis with the length and width of the shells of the snails (in mm) in 
parenthesis were as follows: 1. (29x 12) 340; 2. (33x 13) 452; 3. (33 x 14) 877; 
4. (37 x 17) 701; 5. (41 « 17) 518; 6. (42x 19) 753; 7. (44x 24) 890. In one of 
these infections (No. 2) a mother sporocyst that still contained living daughters 
was found, and a few immature daughter sporocysts were present in the digestive 
gland. Only one other mother sporocyst was found ; it was in an old infection (No. 
6) and was entirely exhausted. Except for No. 2 and another infection (No. 5), 
which appeared to be at about the peak of cercaria production, the others contained 
some sporocysts that were old and partly or almost entirely empty. In a few of the 
oldest infections that were examined the digestive gland was somewhat soft and 
flabby ; in the others it appeared to be in good shape in spite of the large numbers 
of daughter sporocysts. 

As can be seen from the above list, the counts of daughter sporocysts in the 7 
infections varied from 340 to 890 with an average of 647.3. The large number of 
daughter sporocysts in infections in L. stagnalis, shows the very great reproductive 
potential of the mother sporocysts of D. flexicaudum when they develop in large 
snails, 

Only 11 daughter sporocysts were isolated unbroken from any of the infections 
in L. stagnalis. They varied in length from 4.0 to 9.5 mm with an average of 6.59 
mm. Our impression is that this average is too small and that in many infections 
there were numerous daughter sporocysts larger than the largest we measured. 


Infections in F. abrussa 


In total, 36 infections of D. flexicaudum were studied in F. abrussa. The snail 
hosts were both juveniles and adults, which were collected in late July and August. 
They varied in size from 4.5 by 2 mm to 11 by 5 mm. Since the life cycle of this 
snail has not been studied in the Douglas Lake region, we were not sure which of 
the larger snails were juveniles and which were adults. However, the size relations 
in the group and the shell characters suggested that only a small proportion of the 
largest was adults. All the infections in this series of snails were producing cer- 
cariae and the majority appeared to be near the peak of cercarial production; a few 
of the infections in the larger snails were well past the peak since they contained 
partially empty daughter sporocysts. In none of the infections, with only one ex- 
ception, were more than a very few of the daughter sporocysts listed as immature. 
In a group of the 12 smallest juveniles, which varied in size from 4.5 by 2 mm to 
6 by 3 mm, 9 were listed as having mature infections and 3 young mature. When 
the time necessary for development is considered, it is evident that the miracidia 
producing these infections must have penetrated these snails not long after they had 
hatched from the eggs. As in the other host species most of the daughter sporocysts 
were in the digestive gland; in a very few infections a considerable proportion was 


in small tangled masses in front of the gland. All parts of the digestive gland usu- 
ally contained daughter sporocysts, but in a few with the smallest number it was 
not completely occupied. In spite of the very smal! size of these snails the digestive 
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glands did not appear to be badly crowded with daughter sporocysts and appeared 
to be in good condition. 

In F. abrussa it was usually not difficult to find the mother sporocysts even when 
they were dead and disintegrating. In fact, in only 4 of the 36 infections studied 
did we fail to find them. Twelve of the mother sporocysts were teased out of the 
tissues in such shape that they could be measured. They varied in length from 2.3 
to9.5 mm. All of the six from snails less than 7 mm in length were less than 5 mm 
in length. . Of the 32 mother sporocysts 12 were described in our notes as showing 
some signs of life, either from their own movement or from that of elongate daughter 
sporocysts in them; the others appeared to be dead and some were badly disinte- 
grated. Five of the living mother sporocysts contained elongate active embryos, 
which appeared to be about ready to escape ; three had 1 ; one, 2; and the other a few. 
In addition, these mother sporocysts, with one exception, had in them only a few 
very small embryos and germinal masses which appeared dead; the one exception 
contained numerous other embryos. The other mother sporocysts, which were still 
alive, contained only small embryos and germinal masses which were usually quite 
dark and granular, and obviously dead. It appeared, therefore, that most of these 
living mother sporocysts, as well as those that were dead, had completed their pro- 
duction of daughter sporocysts. They were almost empty and contrasted with 
mother sporocysts in immature infections in which the whole or part of the lengths 
were crowded with daughter sporocyst embryos in all stages of development. 

A multiple infection was found in only one of our series of F. abrussa. In this 
infection, which was listed as old, there were 3 dead and partly disintegrated mother 
sporocysts. The most unusual thing about this infection was that these 3 sporo- 
cysts had produced only a small number of daughter sporocysts (the count was 40). 
While it may be that there were other multiple infections, the probability that these 
were overlooked is reduced by the ease with which the mother sporocysts could be 
found in this snail. 

The counts of daughter sporocysts in the 36 specimens of F. abrussa infected 
with D. flexicaudum varied from 11 to 117 with an average of 52.2. In the 12 small- 
est snails, which varied in size from 4.5 x 2mm to 6x 3 mm, the counts varied from 
11to 79 with an average of 30.5. The counts for the 13 largest snails (8 x 4 mm to 
11.5 mm), which certainly included all the adults in the series, varied from 40 to 
117 with an average of 69.6. In spite of this great difference in the counts of the 
largest and the smallest groups of snails, it was apparent from inspection of the 
series that there is little if any direct correlation within the two groups between 
snail size and counts of daughter spurocysts. For example, there were 3 very 
small counts in which the sporocysts filled only a fraction of the digestive gland; 
one of 11 in a snail 5.5 by 2 mm, the second of 14 in one 5.5 by 2.5 mm, and the 


third of 12 in one 5.5 by 3 mm. In contrast, the smallest juvenile of the series, 
$3 


which measured 4.5 x 2 mm, had a count of 27 daughter sporocysts, another, 4.5 
by 3 mm, had a count of 34, and in a third snail 5.5 by 3 mm the count was 79. Sim- 
ilar examples were found among the larger snails. The 3 largest counts of 117, 
100 and 98 were in snails that measured 8 by 4 mm, 9 by 4 mm and 9 by 4 mm re- 
spectively. In contrast a snail 8 by 4 mm had a count of 35, and in one 9 by 4 mm 
the count was 40. 

Measurements of length were made of a number of daughter sporocysts that 
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were isolated from infections of D. flexicaudum in F. abrussa. None was measured 
that did not contain active, fully-developed cercariae. From a group of the smallest 
juvenile snails, which varied in length from 4.5 by 2 mm to 6 by 3 mm, 38 daughter 
sporocysts varied in length from 1.0 to 2.9 with an average of 2.02 mm. For com- 
parison, 40 daughter sporocysts were measured from some of the largest snails of 
our series, which varied in size from 8 by 3 mm to 11 by 5 mm. These sporocysts 
varied in length from 2.0 to 8.5 mm with an average of 3.55 mm. These figures 
suggest that the daughter sporocysts grew to larger size in the group of larger 
snails. 
Counts of cercariae that escaped from infected 
snails during a 24-hour period 


The data of counts of the cercariae of D. flexicaudum, which escaped from in- 
fected snails during a 24-hour period, were too meager and variable for any detailed 
analysis (Table III). The age of the infection is of course a primary factor in de- 


Tasce III. Counts of cercariae of D. flexicaudum that escaped from their snail 
hosts in a 24 hour period 





Total Counts of 
no. of cercariae No. per 
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termining the number of mature cercariae that are produced at any given time. It 
is evident that the 3 infections with very low counts per daughter sporocyst were 
not far from exhaustion. Whether or not those with the highest counts had reached 
their peak of cercarial production can not be told from such a limited series. It can 
be suggested, however, that the small numbers of cercariae that escaped from F. ab- 
russa were due both to the small number of daughter sporocysts present and their 
small size. The great productivity of individual daughter sporocysts is indicated 
by the large numbers of cercariae per daughter sporocyst in some of the infections 
in the larger snails. Infections in large specimens of S. emarginata and L. stagnalis 
would undoubtedly produce several millions of cercariae during the life of the infec- 
tion. This indicates that on certain beaches where S. emarginata was numerous and 
the incidence of D. flexicaudum was high enormous numbers of cercariae would be 
given off. 
Counts of contents of daughter sporocysts of different sizes 


Counts were made of the contents of daughter sporocysts of different sizes 
(Table IV). It is probable that some of the counts, especially of small embryos 
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TaBLe IV. Contents of daughter sporocysts of D. flexicaudum 
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and germinal masses are too low. The differences in the number of germinal masses 
is quite striking and appears to be definitely related to the size of the daughter spor- 
ocysts ; in those under 4 mm in length the number of germinal masses varied from 
5 to 15 with an average of 10.6, while in sporocysts 5.0 mm and more in length, the 
counts varied from 12 to 40 with an average of 21.9. As would be expected the 
ratio of different developmental stages and the total number of embryos varied 
greatly, but in general the numbers in the largest sporocysts were greater. The 
total number of mature cercariae and large embryos that were packed into some 
of these sporocysts was almost unbelievable. The diameter of the smallest sporo- 
cysts was about 0.1 mm and in the larger ones rarely exceeded 0.2 mm. Mature 
active cercariae have a total length of about 0.7 to 0.8 mm and the largest immature 
ones with well developed tails are nearly as large. It is no wonder that many of the 
sporocysts appeared to be very crowded. When the large numbers of daughter 
sporocysts present in some of the larger snails are considered, it is evident that at 
the peak of cercarial production a single snail would contain enormous numbers of 
mature cercariae and embryos. 


DIscUSSION AND CONCLUSIONS 

Very little information is found in the literature on the host relations of trema- 
tode species that develop in intermediate hosts of different sizes. In a recent paper, 
Mathies and Cort (1956) showed that the numbers of daughter rediae of certain 
species of Fasciolatoidea were much greater in large hosts than in smaller ones. 
However, the size of the rediae of a given species did not appear to be influenced 
by the size of the host. 

In the present study it was found that larger numbers of daughter sporocysts of 
Diplostomum flexicaudum develop in the larger host species and that they grow to 
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larger size. The same relation was found in small juveniles and adults of the same 
host species. It seems remarkable that infections with this trematode can develop 
normally and produce cercariae in very small juveniles of F. abrussa with a shell 
size from 4.5 by 2 mm to 6 by 3 mm and also in adults of L. stagnalis with a size 
that varies from 29 by 12 mm to 44 by 24 mm. In both instances the infections 
seemed well adapted to the host and appeared to produce no greater injury to the 
small snails than to the large ones. The differences in the infections in these two 
groups were very striking. The average number of daughter sporocysts in the 
adults of L. stagnalis was more than 20 times as great as in the small juveniles of 
F.. abrussa, and they were about 3 times as long. It can be seen in Table III that 
an infection in a large specimen of L. stagnalis gave off in a 24-hour period more 
than 30 times the number of cercariae that escaped from the infection of F. abrussa, 
which gave off the largest number (48,483 compared with 1485). Good compari- 
sons between infections in juveniles and adults cf the same host species could only 
be made for Stagnicola emarginata. In this host the average number of daughter 
sporocysts was almost twice as great in the adults and their length averaged more 
than twice that of the sporocysts in the small juveniles. 

While the evidence is clear that larger numbers of daughter sporocysts are pro- 
duced in the larger snails, the variations in individual infections are great within 
the groups, which are compared. It is evident, therefore, that other factors besides 
host size must be operating in determining the numbers of daughter sporocysts that 
are produced by the mother sporocysts. 

The mechanism by which the number of daughter sporocysts is limited in small 
snails is not at present clear. It seems probable that the mother sporocysts do not 


grow to as large size in the small snails as in the larger ones. However, sufficient 


measurements of mother sporocysts are not available to make certain of this rela- 
tion. It is very significant in this connection that in almost all of the infections that 
were studied in F. abrussa and in the smallest juveniles of S. emarginata, the mother 
sporocysts had entirely or almost entirely finished the production of daughters. This 
was true in young mature infections, in which numbers of the daughter sporocysts 
were still immature, as well as in older ones. In some of the infections in these 
smallest snails only a comparatively few daughter sporocysts were present, although 
the mother sporocysts contained no living embryos. It can be suggested, therefore, 
that in the smallest snails the mother sporocysts stop producing daughter sporocysts 
at about the time that the first cercariae begin to escape from the oldest daughter 
sporocysts. In some infections there were a very few large active daughter sporo- 
cysts in the mother sporocysts, and no other germinal material except germinal 
masses and very small embryos, which appeared to be dead. In a few cases mother 
sporocysts that still moved actively contained only dead germinal masses and small 
embryos. Another significant point is that all the daughter sporocysts that escaped 
from the mother sporocysts, even in the infections in the smallest snails, either con- 
tained fully developed cercariae or, if immature, appeared to be developing nor- 
mally. No dead immature daughter sporocysts were ever found outside of the 
mothers. It might be suggested that in these very small snails there is some host 
reaction to the developing daughter sporocysts that acts on the germinal material 
in the mother sporocysts to limit the production of more daughter sporocysts than 
can find space and nourishment for normal development. 
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It is interesting to point out in this connection that in experimental infections 
with a bird schistosome, Trichobilharzia physellae, in very small laboratory-raised 
juveniles of Physa parkeri, much larger numbers of daughter sporocysts escaped 
from the mothers than could find room for development in the digestive glands of 
the snails (Cort, Ameel and Van der Woude, 1955). In these infections numerous 
dead and degenerating immature daughter sporocysts were found in the digestive 
glands of the snails and only a few were able to develop to maturity and produce 
cercariae. Small juveniles of these snails under 3 mm in length were almost always 
killed by the infections at about the time the first cercariae began to escape. While 
this difference from D. flexicaudum may be characteristic of the schistosome group, 
it seems more probable that it was due to the very small size of the juveniles (1 to 
3 mm) used in these experimental infections, and to the fact that they had been 
much retarded in development in our laboratory cultures. 

The adaptation of D. flexicaudum for development in very small snails by the 
limiting of production of daughter sporocysts by the mother sporocyst seems all 
the more remarkable when we consider the reproductive potential of this species 
when it infects large snails such as L. stagnalis and the largest adults of S. emar- 
ginata, Except in multiple infections this parasite appears to adjust itself very 
effectively to the size of the snail host, and the mother sporocyst in the smallest 
snails is prevented from producing more daughter sporocysts than can develop nor- 
mally. Similar adjustment was shown to occur in the numbers of rediae that were 
produced in snails of different sizes by certain species of the Fasciolatoidea ( Mathies 
and Cort, 1956). It might be suggested that adaptations of size of infections to 
the size of the snail intermediate host is a phenomenon that has evolved for the 
whole group of digenetic trematodes, making it possible for species to develop nor- 
mally in both small juveniles and adults of the same host species, and in different 
host species of widely varying sizes. 


SUMMARY 


Infections with Diplostomum flexicaudum were studied in host species that 
varied greatly in size, viz., Fossaria abrussa, Stagnicola emarginata, Stagnicola palus- 
tris, and Lymnaea stagnalis. They were also compared in juveniles and adults of 
F, abrussa and S. emarginata. In the smaller snail hosts fewer daughter sporocysts 
were produced by the mother sporocysts, and they were smaller in size. Even 
in the smallest hosts all the daughter sporocysts that escaped from the mothers de- 


veloped normally and produced cercariae. The infections were no more injurious 


in the smallest snails than in the largest ones. It is suggested that in the smallest 
snails the mother sporocysts of D. flexicaudum are in some way prevented from pro- 
ducing more daughter sporocysts than can develop normally. In large adults of 
L. stagnalis the numbers of daughter sporocysts produced by the mothers are many 
times the numbers in the smallest juveniles of F. abrussa and S. emarginata and 
they grow to a much greater size. This adapting of infection size to host size is 
probably a general phenomenon in the digenetic trematodes, which permits a given 
species to utilize hosts of very different sizes and to develop normally in very small 
juveniles as well as in adults of a host species. 
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RESEARCH NOTE 
SOME HELMINTHS FROM ILLINOIS OPOSSUMS 


Two opossums, live trapped by Dr. Carl O. Mohr, Illinois Natural History Survey, which 
were intended for experimental studies were maintained in the laboratory for 2 weeks. Because 
of the listless condition of one animal, both were sacrificed and each was found infected with an 
unusual variety of helminths. These parasites which comprise 9 genera and 10 species were as 
follows: NEMATODA—Viannaia bursobscura Dikmans, 1932 (53), Crusia americana Maplestone, 
1930 (34), and Physoloptera turgida Rudolphi, 1819 (49) ; rREMATODA—Brachylaima virginianus 
(= Brachylaemus virginianus) (Dickerson, 1930) (33), B. opisthotrias (Lutz, 1895) (9), Dip- 
lostomum variabile (Chandler, 1932) (12), Neodiplostomum lucidum LaRue and Bosma, 1927 
(4), and Rhopalias macracanthus Chandler, 1932 (66); cestopaA—Mesocestoides variabilis 
Mueller, 1927 (34) ; ACANTHOCEPHALA—Hamanniella tortuosa (Leidy, 1850) (59). 

Van Cleave (1953, Ill. Biol. Mono. 23: 1-179) cited 4 species of Hamanniella Travassos, 
1915, of which 3 were from the opossum (H. microcephala (Rudolphi, 1819), H. tortuosa, and 
H. tumida Van Cleave, 1947). H. carinii Travassos, 1917 is a parasite of South American 
armadillos. H. tortuosa, according to Van Cleave, has been infrequently reported from North 
American opossums and armadillos by Van Cleave (1921, Florida, Oklahoma, and Texas), by 
Moore (1942, Texas), and by Chandler (1946 and 1947, Texas). 

Associated with the infection of an opossum by an immature specimen of H. tortuosa, Leidy 
(1850, J. Acad. Nat. Sc. Phila. 5: 96-98) mentions that the anterior “3 lines” of the worm was 
buried in an “oval tumor.” Such a tumor accompanying infection by the parasite was not de- 
scribed by the investigators cited by Van Cleave. Irregularly distributed over the serosal sur- 
face of the small intestine (jejunum and ileum) of the animals examined by the writer were 
elevated nodules. They had a diameter at the base ranging from 2 to 7 mm. The apices of 
many of the nodules appear bright red due to congestion of the intestinal blood vessels. Histo- 
logically, penetration of the intestinal wall by the parasite caused almost complete mechanical 
destruction of the mucosal and submucosal layers and some focal atrophy and necrosis of the 
muscularis. Limited leukocytic infiltration and some pigment deposition also were present. 

A survey of the parasites of Illinois opossums is in progress; however, the present findings 
closely parallel those from Tennessean hosts reported by Byrd and Reiber (1942, J. Tenn. Acad. 
Se. 17: 78-89; 130-142).—Bert B. Basero, University of Illinois Zoology Laboratory, Urbana. 





STUDIES ON THE HELMINTH FAUNA OF ALASKA. XXXII. 
HYMENOLEPIS ECHINOROSTRAE N. SP., A CESTODE 
FROM THE LESSER SCAUP, AYTHYA AFFINIS (EYTON )* 


Everett L. SCHILLER** 


Five species of cestodes were obtained by the writer from 3 adult lesser scaup 
ducks, Aythya affinis (Eyton) collected at Amchitka Island, Aleutian Islands, 
Alaska, on June 13, 1952. These birds (1 female, 2 males) were heavily parasitized 
with the following species: Diorchis acuminata (Clerc, 1902) ; Fimbriaria fascio- 
laris (Pallas, 1871) ; Hymenolepis arcuata Kowalewski, 1904; Hymenolepis macra- 
cantha (von Linstow, 1877); and a species of the genus Hymenolepis, heretofore 
unknown, which is described herein. 


Hymenolepis echinorostrae n. sp. 
(Figs. 1-4) 
(All measurements in microns unless otherwise indicated) 

Diagnosis: Strobila length about 175 to 200 mm; maximum width 2 mm. Scolex about 430 
to 450 in diameter. Suckers 115 in diameter, unarmed, weakly muscled. Rostellar sac 75 wide 
by 160 in length. Rostellum not inverted when withdrawn. Apex of rostellum 57 in diameter, 
provided with circlet of 20 hooks 12 in length. Surface of rostellum densely covered with fine 
spines. Genital pores unilateral, dextral. Genital ducts pass between dorsal and ventral excre- 
tory canals. Cirrus unarmed. Cirrus sac averages 500 in length by 200 in width. External 
seminal vesicle clavate, about 500 in length. Single spinose sacculus accessories present. Testes 
3 in number, ovoid to elongate in shape and arranged in straight line in same plane with 1 poral 
and 2 aporal to ovary. Ovary lobate and located in middle of proglottid. Vitelline gland irreg- 
ularly shaped, postovarian. Vagina ventral to cirrus sac. Seminal receptacle sacculate and 
prominent in late mature proglottids. Uterus extends transversely across posterior part of 
proglottid and develops by enlargement, becoming sacculate when gravid. Ventral longitudinal 
excretory canals about 66 in diameter; dorsal canals about 15. Fully developed eggs not seen. 

Host: Aythya affinis (Eyton). 

Locality: Amchitka Island, Aleutian Islands, Alaska. 

Habitat: Duodenum. 

Type: One slide bearing an entire specimen has been deposited in the Helminthological 
Collection of the U. S. National Museum, No. 38198. 

Discussion: Rostellar spination, in addition to rostellar hooks, is a condition 
which appears to be of rare occurrence in the family Hymenolepididae. Insofar as 
the writer is aware, only one other species, namely Hymenolepis spinulosa Cholod- 
kovsky, 1906,’ originally recorded from the shrew, Sorex vulgaris in Russia, has 
a rostellum armed with small spines. According to the original description, these 
spines are arranged in 4 longitudinal rows and measure 6 to 11 microns in length. 
In Hymenolepis echinorostrae n. sp. the rostellar spines are much smaller and they 
cover the surface of the rostellum. However, H. echinorostrae is readily differenti- 
ated from H. spinulosa on the basis of size and shape of the rostellar hooks. 

Although the characteristic rostellar spination of H. echinorostrae distinguishes 
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* Material collected while with the Zoonotic Disease Section, Arctic Health Research Cen- 
ter, U. S. Public Health Service, Anchorage, Alaska. 

** Present address: Department of Pathobiology, School of Hygiene and Public Health, 
The Johns Hopkins University, Baltimore, Maryland. 

1 The date “1912” as cited by Joyeux and Baer, 1936 (page 408, in Faune de France) is 
in error. 
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it from all known species in this genus which are parasites of birds, further differ- 
entiation from species otherwise morphologically similar was considered advisable. 
Therefore H. echinorostrae was compared with all those species having a spinose 
sacculus accessorius as well as 14 to 26 rostellar hooks within a range of 10 to 20 


microns in length. The 4 species falling into this category are also parasites of 


Anseriformes. They were found to differ from the new species as follows: 

Hymenolepis coronula (Dujardin, 1845) Cohn, 1901 has smaller suckers (65 
to 69 microns), larger rostellar hooks (14 to 19 microns) of different shape, and 
possesses a spinose cirrus. 

Hymenolepis simplex Fuhrmann, 1906 is much smaller in size (30 mm long by 
0.7 mm wide), has a voluminous cirrus sac which extends to the aporal excretory 
canal, has rostellar hooks of different shape, and the 2 aporal testes are situated 
in different planes of the proglottid. 

Hymenolepis parvisaccata Shepard, 1943 has considerably smaller suckers (44 
to 46 microns), fewer rostellar hooks (14 to 17) and is provided with a spinose 
cirrus. 

Hymenolepis mergi Yamaguti, 1940 has a much smaller scolex (170 microns), 
smaller suckers (45 microns), fewer rostellar hooks (18) which are somewhat 
longer (13 to 15 microns). The cirrus is spinose. 
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EXPLANATION OF PLATE 
Morphological details of Hymenolepis echinorostrae n. sp. 


Ficure 1. Scolex. 

Ficure 2. Rostellar hook. 

Figure 3. Enlargement of area of genital atrium showing relationships between vagina, 
cirrus, and sacculus accessorius. 

Figure 4. Mature proglottid (ventral view). 
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METABOLIC AND SOMATIC ANTIGENS IN THE DETERMINATION 
OF THE RESPONSE OF RABBITS TO GRADED INFECTIONS 
WITH TRICHINELLA SPIRALIS 


Etvio H. SapuN AND Lois NORMAN 


Communicable Disease Center, Public Health Service 
Department of Health, Education, and Welfare, Atlanta, Georgia 


The antigenic role of helminth metabolins was first suggested by Sarles who 
worked with Nippostrongylus muris (1938). Since then, various authors have 
observed that even when nematode tissue extracts gave weak or negative results to 
serological tests with the serum of immune animals, the excretions and secretions 
often provided highly reactive antigens (Oliver-Gonzales, 1940; Otto, 1940; Otto 
et al, 1942; Oliver-Gonzales, 1943; Sadun, 1949). These results led to the suc- 
cessful attempts to immunize animals artificially to repeated injections of parasite 
metabolins (Thorson, 1953; Campbell, 1955; Chute, 1956). 

An acid-soluble protein fraction of Trichinella larvae, when used as antigen in 
the bentonite flocculation test (Sadun and Norman, 1955) gave consistently satis- 
factory results in the diagnosis of trichinosis with serum from man and lower an- 
imals (Norman et al, 1956). The primary scope of the present series of experi- 
ments was to determine whether or not metabolins of Trichinella spiralis larvae 
could be used effectively for the serological diagnosis of trichinosis in the bentonite 
flocculation test. The metabolic antigens were compared with the purified somatic 
antigens to determine whether they stimulated distinct humoral factors or differed 


only in the relative proportions of common antigens. Furthermore, in the effort 
to elucidate further the host-parasite relationship, the effect of single infections of 
varied size on the resistance of rabbits to T. spiralis was investigated. 


MATERIALS AND METHODS 


The rabbits included in this series were adults, varying in weight between 2,000 
and 4,500 grams at the beginning of each experiment. They were kept in individ- 
ual cages and fed standard diets. They were weighed and bled once a week from 
the beginning of each experiment up to the time of death. Some rabbits were kept 
as uninfected controls, some were given intragastrically, varied numbers of normal 
washed Trichinella larvae, some were given intragastrically larvae which had been 
sterilized by previously irradiating them with a dose of between 13,000 and 20,000 
roentgens (Sadun ef al, 1956), some were given intramuscularly varied amounts 
of antigenic material adsorbed onto aluminum hydroxide (Dorin, 1946), and 
some were inoculated with viable larvae intravenously, intramuscularly, or subcu- 
taneously. The Trichinella larvae were irradiated in Petri dishes, 50 mm in diam- 
eter, with the top removed during irradiation. Irradiation factors were 250 KV, 
15 mm, intensity of 200 r per minute. The dose rate was determined in air with 
a Victoreen condenser, “R” type, Model 70. Viability and sterility of irradiated 
larvae were tested by inoculating approximately 5,000 larvae into each of the previ- 
ously uninfected white rats. One-half of the rats were examined 7 days after inocu- 
lation for the presence of Trichinella adults in the intestines. The others were 
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examined 30 days after inoculation for the presence of larvae. Following the extra- 
intestinal inoculations, great care was taken to prevent accidental ingestion of 
larvae by the rabbits. The syringe needle was dried before puncturing the rabbits 
and a few drops of collodion were placed at the site of needle introduction. Fol- 
lowing each inoculation, the animal was immobilized until the collodion drops 
formed a dry crust. 

All the rabbits were bled routinely from the marginal ear veins. The serum 
was separated and stored at = 20° C. Necropsy was performed on most of the rab- 
bits in an attempt to determine whether death might have been produced by causes 
other than trichinosis. All the animals which survived the infection were killed 
at the end of each experiment and necropsies were performed. At least 30 grams 
of muscle from the diaphram, masseters, tongue and limbs, were minced in a War- 
ing Blendor, artificially digested, and examined for the presence of larvae. 

For the preparation of antigens and for inoculations, mature infective Trichinella 
larvae were obtained by artificial digestion of the carcasses of rats which had been 
inoculated with 3,000 larvae each at least 30 days previously. The acid-soluble 
protein extract of larvae (Melcher, 1943) was prepared and used in the floccula- 
tion test as described in a previous paper (Sadun and Norman, 1955). For the 
preparation of larval metabolins, the larvae were collected from infected minced 
meat of rats after it had been digested for 2 to 3 hours in the pepsin-Hcl mixture. 
They were washed by sedimentation in at least 6 changes of distilled water, then 
counted by the dilution method on a Scott hookworm counting slide (Scott, 1928), 
and placed for 10 minutes in 1: 10,000 merthiolate in physiological saline. After 
2 other washings in sterile physiological salt solutions, 500,000 larvae were trans- 
ferred into 100-ml Erlenmeyer flasks containing 5 ml of serum ultrafiltrate, 10 ml 
of Simm’s X-6 solution, 15,000 units of penicillin, and 15 mg of streptomycin. A 
drop of this culture was observed under the microscope, and if dead larvae were 
found to be present, the whole batch was discarded or used for other purposes. If 


no dead larvae were present, the mixture was shaken gently and incubated at 37° C 
for 72 hours. At the end of this time, the organisms were observed again under 
the microscope. Practically all the larvae recovered from this preparation were 
motile. The few which, in some cultures, were immobile showed no visible signs 
of internal degeneration. The larvae were removed from the preparations by high 
speed centrifugation. The supernatant was stored at — 20° C to be used as antigen. 


Conditions as sterile as practical were maintained during the preparation of this 
antigen. No active bacterial growth was detected by microscopic observation in 
any of the cultures. 

The flocculation test with either antigen was performed with close adherence to 
instructions published by Bozicevich, et al, (1951). Preliminary experiments in- 
dicated that both antigens reacted in the flocculation test with the sera of infected 
and artificially immunized rabbits. 

In summarizing the results for tabular presentation, the geometric means of the 
titer (GMT) were obtained (Sadun, et al, 1956). In estimating the LDs5o, the 
accumulation of deaths and survivals was handled by the methods described by 
Reed and Muench (1938). 
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RESULTS 
Relation Between Quantity of Inoculum and Survival of Rabbits 
As indicated in Table I, 70 rabbits were fed intragastrically with doses varying 
from 500 to 400,000 of Trichinella larvae per animal (Groups II to XIV). The 
animals of Group I served as uninfected controls. The results show that heavy 
doses of T. spiralis larvae break down the natural resistance of rabbits and cause 
their death. A perusal of Table I indicates that the number of animals which died 


TABLE I — Effect of graded inocula on the survival of rabbits 
to infections with T. spiralis 





Results Within 60 Days From Mean Time 

Time of Inoculation From Inoc. 

No. of Mean Weight No. of No. in Group Accumulative Total To Death 
Rabbits in Kg. Larvae Dead % Mortality in Days 





oe 


3.45 0 
2.40 500 
3.26 2,500 
2.05 5,000 
2.60 10,000 
3.50 20,000 
3.00 40,000 
3.25 60,000 
2.90 80,000 
3.25 100,000 
2.75 150,000 
4.15 200,000 
4.05 300,000 
3.40 400,000 
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as a result of infection was proportionately greater as the amount of the inoculum 
was increased. The 50% end point (LD;5.) was found to be 88,600 larvae. In 
general, the size of the inoculum was found to have an inverse relation to the 
average time between inoculation and death. While not always significant from one 
amount of inoculum to another, the difference in average time from infection to 
death of the rabbits that received 200,000 larvae or more (Groups XII, XIII and 
XIV) and those that received 80,000 larvae or less (Groups V, VII, VIII and IX) 
is highly significant. Although 22 rabbits died apparently as a result of the infec- 
tion, no obvious cause of death could be determined in 2 of the animals in Group 
III which died during the 2nd week following inoculation with 2,500 larvae. It 
appeared, however, that death resulted from other causes unrelated to trichinosis. 
Death in the experimental animals occurred between the 3rd and 47th day after 
inoculation with an average of 18.3 days. In those groups in which some rabbits 
died whereas others survived, the average weight at the time of inoculation of 
those animals which later succumbed to the infection was not significantly different 
from that of the animals which survived. However, the animals that died lost an 
average of 560 grams each from the time of inoculation to the time of death, whereas 
those that survived gained an average of 90 grams each in 3 weeks. Muscle diges- 
tion of 23 rabbits from Groups III through XII gave various yields of larvae which 
were apparently not related to the size of the inoculum. The number of larvae re- 
covered varied from 551 per gram of muscle in the rabbits which received 80,000 
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larvae each to a maximum of 2,624 larvae per gram of muscle in the rabbits re- 
ceiving 10,000 each. 


2. Serologic Response in Infected Rabbits 
Sera from 40 rabbits inoculated with varied doses of Trichinella larvae were 
tested weekly with both antigens. The results are summarized and presented 
graphically in Figure 1. The serologic response of 6 rabbits inoculated with 500 
Figure 


1 
& COMPARISON OF METABOLIC AND SOMATIC ANTIGENS 
IN THE RESPONSE OF RABBITS TO INFECTIONS WITH J spiralis 


METABOLIC ANTIGEN SOMMAT IC ANT IGE Ree ee 


3 
3 
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TIME FROM INOCULATION IN WEEKS 


larvae (Group I) was followed for 29 weeks. All the specimens were negative with 
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both antigens for 4 weeks following inoculation. One animal became positive after 
5 weeks. All of the others became positive after 7 weeks. The peak GMT was 
reached on the 8th week with both antigens (1:64 with the metabolic and 1: 30 
with the somatic antigen). Titers fell more or less rapidly soon after the peak was 
reached. At the end of the experiment, the GMT was 1:20 with the metabolic 
antigen and 1:10 with the somatic antigen. The serologic response of 6 animals 
inoculated with 2,500 larvae (Group II) was followed for 20 weeks. As indicated 
in Figure 1, the first positive appeared after 4 weeks and the peak with the meta- 
bolic antigen was reached after 10 weeks (titer 1: 130). The peak with the somatic 
antigen was reached between 8 and 9 weeks after inoculation (titer 1:64). As in 
the previous group, higher titers were obtained consistently with the metabolic an- 
tigen. The serologic response of 8 rabbits inoculated with between 10,000 and 
20,000 larvae each (Group III) was followed for 30 weeks. The first positives 
were observed 3 weeks following inoculation. The peak GMT with the metabolic 
antigen was reached 7 weeks and with the somatic antigen 9 weeks following inocu- 
lation (titers 1: 280 and 1:96, respectively). Three animals in this group were 
followed up to 66 weeks after inoculation. They had continued to produce positive 
flocculation tests and in the 67th week gave a titer of 1: 10 for the metabolic antigen 
and 1:5 for the somatic antigen. Ten rabbits inoculated with 40,000 and 60,000 
larvae each (Group IV) were followed for 22 weeks. The first positives with 
both antigens appeared after 2 weeks. The peak with the metabolic antigen was 
reached in 9 weeks following inoculation and with the somatic antigen in 10 weeks 
(GMT 1: 422 and 1: 77, respectively). The serologic response of 10 rabbits inocu- 
lated with 80,000 larvae or more (Group V) was followed for 19 weeks. A few 
rabbits became positive 1 week after inoculation. The GMT rose somewhat regu- 
larly with both antigens and reached the peak 10 weeks following inoculation with 
the metabolic antigen and 7 weeks with the somatic antigen (1:422 and 1: 113, re- 
spectively). As in the previous groups, titers fell more or less rapidly soon after 
the peak was reached. Throughout the entire development of serologic response, 
the GMT with the metabolic antigen was roughly parallel to, but always higher 
than that of the somatic antigen. The relation between the size of the inoculum and 
the development of serologic response is summarized in Figures 2 and 3 in which, 
for clarity only, Groups II, III and IV are compared. Figure 2 represents in 
graphic form the response of rabbits to Trichinella infection as measured by the 
flocculation test using the metabolic antigen. All animals inoculated showed a 
serologic response. This response, which was more rapid in those groups receiv- 
ing heavier inocula appeared between 1 and 6 weeks following inoculation. Re- 
gardless of the size of the inoculum, however, the peak titer was reached in all 
groups between the 7th and 10th week. A direct relation between the antibody re- 
sponse and the size of inoculum was observed as indicated in Figure 1. The peak 
GMT varied from 1:64 (Group 1) to 1:422 (Group V). Approximately 17 weeks 
following inoculation, no relation between the antibody titer and the size of the 
inoculum was apparent. Essentially the same general picture was obtained when 
the titers of the somatic antigen were compared (Figure 3). Once again, an inverse 
relation was observed between the appearance of positive titer and the size of the 
inoculum and a direct relation was observed between the height of the peak titer 
and the size of the inoculum. As shown in Figure 3, the peak of the geometric 
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Fig.2 THE SEROLOGIC RESPONSE OF RABBITS INOCULATED WITH VARIED DOSES OF 
T spiralis LARVAE AS MEASURED BY THE FLOCCULATION TEST WITH METABOLIC ANTIGEN 
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RECIPROCAL OF GEOMETRIC MEAN TITER 


10 20 
TIME FROM INOCULATION IN WEEKS 


Fig.3 THE SEROLOGIC RESPONSE OF RABBITS INOCULATED WITH VARIED DOSES OF 
T. spiralis LARVAE AS MEASURED BY THE FLOCCULATION TEST WITH SOMATIC ANTIGEN 


40-60,000 LARVAE 


RECIPROCAL OF GEOMETRIC MEAN TITER 


10 15 20 
TIME FROM INOCULATION IN WEEKS 
mean of the titer was obtained in the various groups between 7 and 10 weeks fol- 
lowing inoculation. In Figure 1, the lowest peak of the GMT was found in Group 
I (1:40) and the highest in Group IV (1:177). The metabolic antigen conferred 
greater sensitivity to the flocculation test (Table Il). Out of 939 paired serum 
specimens, 122 were negative with both antigens, 809 were positive with both 


antigens, and 58 gave discrepant results. Of these, 20 specimens were positive 
with somatic and negative with metabolic antigen, and 48 were negative with the 
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somatic and positive with the metabolic antigen. Quantitatively, 318 serum speci- 
mens gave the same results, 524 had a higher titer, and 77 had a lower titer with 
the metabolic antigen. With the exception of 15 specimens which gave titers 4 
or 5 steps higher with the metabolic antigen, all the other sera gave either the same 
titers or a difference of not more than one dilution in either direction. 


TABLE Il — A comparison of the results of flocculation tests on 939 rabbit sera 
by the use of metabolic and purified somatic antigens 





Metabolic Purified Somatic Antigen 
Antigen Neg. 1:5 1:10 1:20 1:40 1:80 1:169 1:320 1:640 1:1280 1:2560 Total 





Neg. ce) UR ae 142 
1:5 is 2i 6 45 
1:10 is 20: 22 67 
1:20 7 69.6 153 
1:40 1 10 17 132 
1:80 2 6 138 
1:160 1 82 
1:320 67 
1:640 57 
1:1280 25 
1:2560 22 
1:5120 1 9 


N NIE 
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Total 170 83 103 166 144 117 76 40 30 9 1 





3. Serologic Response in Rabbits Artificially Immunized or Infected with the 

Intestinal or Muscular Phase Alone 

Of 36 serum samples from 5 rabbits artificially immunized with metabolic anti- 
gen, 15 were negative, and 11 were positive with both antigens. The remaining 10 
samples were positive with the metabolic and negative with the somatic antigen. 
Quantitatively, 19 sera gave a higher titer with the metabolic and 1 gave a higher 
titer with the somatic antigen. 

Of 35 serum samples from 3 rabbits artificially immunized with somatic antigen, 
15 were negative, and 9 were positive with both antigens. The remaining 11 
samples were positive with the metabolic and negative with the somatic antigen. 
Quantitatively, 18 sera gave a higher titer with the metabolic, and 1 with the 
somatic antigen. 

Of 225 serum samples from 24 rabbits inoculated intragastrically with irradiated 
larvae (intestinal phase alone), 171 were negative, and 36 were positive with both 
antigens. Of those giving contrasting results, 17 were positive with the metabolic, 
and 1 with the somatic antigen alone. Quantitatively, 36 gave a higher titer with 
the metabolic, and 3 with the somatic antigen. 

Of 130 serum samples from 14 rabbits infected extraintestinally by means of 
intravenous, intramuscular, and subcutaneous inoculation of living larvae, 15 were 
negative and 75 were positive with both antigens. Of those giving contrasting re- 
sults, 14 were positive with the metabolic, and 26 with the somatic antigen alone. 
Quantitatively, 42 gave a higher titer with the metabolic and 51 with the somatic 
antigen. Attention should be called to the fact that in this group whereas higher 
titers were obtained with the metabolic antigen during the first few weeks follow- 
ing inoculation, the opposite was true later in the experiment. 
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DISCUSSION 


The results of single-graded doses of Trichinella larvae in rabbits indicate that 
beyond a certain threshold, the infections overwhelmed the resistance of rabbits and 
caused their death. Death occurred primarily at the time of the intestinal phase 
in very heavy infections (300,000 larvae or more) and at the time of the muscular 
phase in lighter infections (200,000 larvae or less). The size of inoculum had a 
direct relation to the percent mortality in each group and an inverse relation to 
the average time between inoculation and death. These results are in agreement 
with those obtained in similar studies in hamsters (Sadun and Norman, 1956). 

The serologic response to graded doses showed that infections with Trichinella 
produced an antibody response in sufficient amounts to be detectable by the floccula- 
tion test with either metabolic or somatic antigens. Within the doses tested, the 
rapidity of the antibody response was directly related to the size of inoculum. With 
both antigens, the titers increased rapidly during the first few weeks following in- 
oculation (the lower the inoculum, the more steep the ascending portion of the 
curve) and reached the peak between 7 and 10 weeks following inoculation. The 
peak was higher in rabbits receiving heavier inoculations. This was found to be 
true in spite of the fact that since the flocculation was run only once a week the 
real peak may not have been measured in all cases. The antibody level decreased 
gradually after reaching the peak, and 17 weeks following inoculation no relation 
between the height of the titers and size of the inoculum was apparent. Posi- 
tive serological results at a relatively low level of reactivity remained for at least 
several months following inoculation. Thereafter, for at least 2 years, frequent re- 
verses from positive to negative and back to positive were observed on consecutive 
specimens from the same animals. 

In general, flocculation tests with both antigens gave satisfactory and consistent 
results throughout the various experiments. All the infected rabbits showed a 
serological response with both antigens. Conversely, no false positives were ob- 
served with either antigen in any of the negative control sera or in the sera which 
were obtained from the rabbits prior to or at the time of inoculation. With both 
antigens, similar results were observed in experimentally infected rabbits, and the 
curves of antibody response followed almost parallel lines. The metabolic antigen, 
however, seemed to confer a somewhat greater sensitivity to the flocculation test 
than the somatic antigen. Similar results were obtained in artificially immunized 
rabbits. This might suggest that the two antigens are not entirely distinct and 
that a large degree of cross-reaction exists. On the other hand, a reversal of the 
situation was observed when sera from rabbits infected with the muscular phase 
alone were tested. In this group, the metabolic antigen produced higher titers 
during the early part of the infection when the inoculated larvae were, for the most 
part, still living and metabolizing (Sadun, et al, 1956). The somatic antigen pro- 
duced higher titers later in the infection when the larvae were supposedly dead and 
degenerating within the tissues of the rabbits. Whether the differences between 
the two antigens or groups of antigens are quantitative rather than qualitative can- 
not be ascertained at the present time. 





THE JOURNAL OF PARASITOLOGY 


SUM MARY 

Several groups of rabbits were infected with graded doses of Trichinella larvae 
varying from 500 to 400,000 larvae. The 50% lethal dose under the experimental 
conditions was 88,600. The size of inoculum had a direct relation to the percent 
mortality in each group and an inverse relation to the average length of survival. 

Infected rabbits were bled weekly, and the sera were tested by the bentonite 
flocculation reaction using metabolic and purified somatic antigens. With both 
antigens, the time interval from inoculation to the first’ positive serology was in- 
versely related to the size of inoculum. The geometric mean of the titer inrceased 
rapidly from the first weeks following inoculation up to about 2 months and there- 
after it decreased gradually. The peak titer was directly related to the size of 
inoculum and was higher with the metabolic antigen. Although a great similarity of 
results with the two antigens was observed, the metabolic antigen conferred to the 
flocculation test a somewhat greater sensitivity. This greater sensitivity was ob- 
served in experimentally infected rabbits, in rabbits artificially immunized with 
somatic or metabolic antigens, and in those which were infected with the intestinal 


phase of infection alone. The metabolic antigen did not give a more sensitive test 


with sera from rabbits infected with the muscular phase alone. 
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AMERICAN SOCIETY OF PARASITOLOGISTS 
Forty-sixth Council Meeting, Storrs, Connecticut, August 26, 1956 


The meeting of the Council of the American Society of Parasitologists was called to order 
by President Eloise B. Cram at 2 P.M., Sunday, August 26, 1956, in room 201, Student Union, 
University of Connecticut, Storrs. In addition to President Cram, President-Elect G. F. Otto, 
Vice President A. O. Foster, Past Presidents J. E. Ackert, E. E. Becker, G. R. La Rue, C. B. 
Philip, B. Schwartz, Treasurer R. M. Stabler, the Secretary, and the following members of 
Council were present: W. S. Bailey, R. M. Cable, L. Jacobs, F. J. Kruidenier, A. McIntosh, 
D. V. Moore, L. O. Nolf, L. A. Stauber and W. Trager. P. E. Thompson was also present as 
an observer. 

The regular order of business was taken up. 

1. Reports of Officers and Members of Council 

President (E. B. Cram) : No report. 

President-Elect (G. F. Otto) : No report. 

Vice-President (A. O. Foster): No report, but he called attention to the Symposium 
co-sponsored by the Society which was to be held on Wednesday morning, August 29, just 
preceding the Society’s Presidential Address. 

4. Secretary (A. C. Walton): As of August 25, 1956, the Secretary’s records show that 
there are 971 names on the rolls of the Society of whom 879 are active members in good stand- 
ing, 5 are non-subscribing members, 58 are delinquent as of this date for 1956 dues, 14 are de- 
linquent for both 1955 and 1956 dues, 3 are Life Members, and 12 are Foreign Honorary Mem- 
bers. The 14 members in arrears for 2 years will be dropped from the rolls of the Society as 
of Janua., 1, 1957, unless reinstated before that date. Since the last meeting, notices of the 
deaths of 4+ members (one a Charter and a Life Member) have been received, 3 have resigned, 
and 22 were dropped as of January 1, 1956, for non-payment of dues. In the 8 months since 
the last meeting, 46 active members and 1 non-subscribing member have been elected to the 
Society. Later in this meeting the names of 10 applicants will be presented as candidates for 
election to active membership. 65 of the original Charter Members have maintained continu 
ous membership (3 are now Life Members), and 4 others have been re-elected after periods 
of non-membership. 

There have been no special problems handled by this office during the past year, but it is 
to be noted that the time involved in carrying out the directives issued by Council and the day 
to-day duties of the office in addition to organizing the annual program is steadily increasing 
from year to year. 

Expenses of the Secretary's office thus far in the fiscal year have amounted to $189.64, of 
which $62.13 have not been charged to Society funds. A summary of the monies in the hands 
of the Secretary at the present (all bills except those of the Local Committee tor this meeting 
are paid) is as follows: 

Balance on hand, December 27, 1955 $ 95.83 

Received from the Treasurer thus far 100.00 

Outside sources (gift) 62.13 

257.96 

Total funds available for use in this office $257.96 

Expenses to date (8-26-56) 

Stationery $ 29.75 

Stenographic help (including mimeographing and supplies) 88.23 

Postage 71.66 

$189.64 
Total expenses $189.64 
Balance on hand, August 26, 1956 $ 68.32 
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The Secretary regrets very deeply that due to approaching retirement from academic work 
and the prospective loss of office space and secretarial help, it becomes necessary to resign 
from the office at the end of 1956. Notice of this resignation was presented to Council earlier 
in the year and necessary steps have been taken to fill the vacancy when it occurs. 

The Secretary’s report was accepted and ordered placed on file. 

5. Treasurer (R. M. Stabler): The interim report (fiscal year is November 1 to October 
31) indicates that the Society’s funds are reasonably stable and no raise in dues and/or in sub- 
scription rates for the Journal is immediately necessary. In summary the report is as follows: 

Balance on hand, November 1, 1955 $ 4,416.38 

Collections to August 1, 1956 12,926.91 

Total funds to August 1, 1956 $17,343.29 

Total expenditures to August 1, 1956 11,102.00 


Total cash balance as of August 1, 1956 $ 6,241.29 

Anticipated expenses for the balance of the fiscal year will not completely destroy this 
balance. 

The interim report was accepted and ordered placed on file. The complete annual report 
is to be presented to Council after the end of the fiscal year, and will be subject to audit before 
acceptance and incorporation in the permanent records of the Society. 

6. Custodian of Back Issues (W. S. Bailey): This brief interim report will summarize 
the work of the office of Custodian of Back Issues for the first 9 months of this fiscal year. 

During the year 13 back issues have been duplicated (100 copies each) at a cost of $2205.77. 
Five additional issues are being duplicated at the present time at a cost of $734.00. The cost 
of duplicating these back issues has been approximately $1.80 per copy for issues of 100 pages. 

Sales have continued at approximately the same level as for the past 3 years. The totals 
for the 9-month period are as follows, with figures for the past fiscal year shown for comparison. 

Regular 
Issue Quindex Portraits TOTAL 


9 mos. 1955-56 $1498.45 $92.10 $ 9.00 $1599.55 
12 mos. 1954-55 $1810.99 $89.93 $24.75 $1925.67 


We have approximately 100 copies of the Quindex on inventory. At present rate of sales 
(49 copies in last 9 mos.), the supply will be exhausted in less than 2 years. 

As of August 1, 1956, the balance in the checking account was $1111.81 and the accounts 
payable amounted to $460.67 for a total of $1572.48. Of this amount $734.00 is obligated to pay 
for the duplication referred to above. 

The interim report was accepted and ordered placed on file, with the understanding that 
the complete annual report will be submitted for auditing and Council action in November of 
1956. 

7. Custodian of Endowment Fund (N. R. Stoll): The interim report shows the current 
status of the Fund as follows: 

Interest 
earned 
Savings account $461.33 $13.93 
(Savings & Loan Ass’n.) 
(Princeton, N. J.) 
*U. S. Savings Bond $809.00 $26.00 $835.00 

(of Jan., 1950) 

*No. M1 681 662F of $1,000.00, issued Jan., 1950, at the purchase price of $740.00. 
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This interim report was accepted and ordered placed on file with the understanding that 
a final report, subject to audit, will be presented to Council for action at the end of the fiscal 
year, October 31, 1956. 

8. Chairman of the Editorial Committee (L. Jacobs): The first 4 issues of the Journal 
of Parasitology in 1956 comprised 464 pages. The cost, on the basis of printer’s bills only, 
was $7687.77, or an average of $16.56 per page. To this must be added a small amount for 
operating expenses, the figure for which is $183.31 for the first 3 issues. However, a consider- 
able sum has been received in payment for excess costs of publication of articles in the first 
3 issues, and analysis of the cost of the 4th is not yet complete. On the basis of total cost, 
plus expenses, less advertising revenue and accounts received or receivable for the first 3 
issues, the total cost per page of the Journal was $15.56. This figure will be reduced somewhat 
after the August issue bills are completed. 

An analysis of subject matter reveals that 61.6% of the pages were devoted to helminths, 
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20.8% to entomological papers, and 6.2% to protozoa. The rest were miscellaneous papers. 
The taxonomic papers in helminthology comprised 30% of the papers devoted to this field, 
while 70% were on observational and experimental studies. 

It is not known whether or not this distribution of papers is the reflection of the interests 
of the majority of the members. The distribution may also be due to the availability of other 
outlets for papers in entomology and protozoology. However, it is believed that the Journal 
should present a better balance, for a number of practical reasons. 

Some innovations in the methods of preparing tabular material now make it possible for 
us to print tables at only slightly greater cost than line drawings or half-tones. Therefore, 
it will not be necessary to discourage tabular material in the interests of economy. This will 
be a help in the publication of experimental material. However, there is no intent at all to dis- 
courage taxonomic papers, which we will continue to welcome. 

This report was accepted with a special vote of appreciation to the Committee for their 
excellent work, and ordered placed on file. 


II. Reports of Standing Committees. 


1. Committee on Visual Education and Instruction (M.S. Ferguson, Chr., D. V. Moore, 
J. C. Swartzwelder) : The revision of the list of “Visual Aids to Instruction in Parasitology” 
is almost ready for mailing, and will be sent out as soon as an up-to-date membership list can 
be prepared. 

The report was accepted and ordered placed on file. 

2. Committee on Nomenclature and Terminology (A. McIntosh, Chr., G. W. Hunter II], 
F. J. Kruidnier, G. W. Wharton; N. M. Stoll, Associate) : During the past 2 years the com- 
mittee has been studying a proposal to drop “Collective Groups” as a taxonomic unit and to 
substitute “Parataxa” in its place. As a result of this study the following resolution has been 
prepared for submission to the Council for their consideration: “Certain biological groups 
which have been proposed distinctly as collective groups, not as systematic units, may be 
treated for convenience as if they were genera, but they require no type species. Any specific 
name proposed in combination with a collective group name shall have the same status as if 
it had been proposed in combination with a generic name of a systematic unit.” 

It was further felt that the use of “Parataxa” as a group name for the larval forms of 
parasites whose true taxonomic position is as yet unknown does not meet the needs of parasi- 
tologists; that “Collective groups” does serve the purpose; and that a clarification of the 
Recommendation pertaining to “Collective groups” as now stated, is in order. 

The Council accepted the resolution as stated, ordered it placed on file, and authorized the 
Secretary to report the action of the Society to Dr. Francis Hemming, Secretary, I.C.Z.N.; 
Dr. J. Chester Bradley, President, I.C.Z.N.; and to Dr. N. R. Stoll, Commissioner and one 
of the U. S. representatives to the I.C.Z.N 

3. In Memoriam Committee (E. W. Price, Chr., D. L. Augustine, G. F. Otto): The 
Committee noted the names of 2 members of the Society who have passed away since our last 
meeting. These names appear in the “In Memoriam” page of the annual Supplement and 
Program of 1956. Since the preparation of the report, notice has been received of the passing 
of John W. Scott, a Charter and Life Member of the Society, on August 1, 1956, and of Sadamu 
Yokagawa, an active member, on July 18, 1956. 

The report was accepted with a deep sense of the loss to the Society, and ordered placed on 
file. 

III. Reports of Representatives and Delegates. 


1. To Council of the A.A.A.S. (R. M. Cable, R. P. Hall): No report, A.A.A.S. has not 
met since our last meeting at Atlanta, Georgia. 

2. To Governing Board of A.I.B.S. (A. C. Walton; L. J. Olivier, alternate) : The annual 
meeting of the Governing Board of the A.I.B.S. was held Saturday, August 25, 1956, in the 
United Nations Room of the Student Union, University of Connecticut, with 25 of the member 
Societies represented. Dr. Glass, President, and Dr. Cox, Executive Secretary, presented a 
report on the activities of the group, emphasizing a number of points, viz: Of a total budget 
of about $200,000.00, only $20,000.00 comes from dues, the rest coming from governmental con- 
tracts supervised by the A.I.B.S. Central Office; a number of symposia are being printed at 
about one-half the cost of commercial printing; A.I.B.S. has established and financed a limited 
program by which outstanding biologists may be sent to smaller colleges as visiting lecturers; 
A.1.B.S. has increased sponsorship of scientific meetings of small groups and gained some 
financial support for such meetings; it has secured travel grants for a number of American sci- 
entists planning to attend foreign conferences; it has increased the size and availability of the 
Register of Scientific and Technical Personnel; it is trying to develop a group insurance plan 
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available to those not connected with institutions where such plans are already in existence; 
it has planned conferences for special groups, such as the Editors of Biological Journals; it is 
prepared to offer Central Office assistance to member Societies—mailing, billing, etc; it has 
increased the size and reduced the cost of the Bulletin; and lastly, has initiated steps to acquire 
ownership of the Quarterly Review of Biology, now owned by Williams and Wilkins, Publishers. 

It is recommended that our Society retain membership in the A.I.B.S. on a continuing basis. 

The report was accepted and ordered placed on file. A complete report of all of the 
activities of the A.I.B.S. is in the files of the Secretary. 

3. To Division of Biology and Agriculture of the National Research Council (A. C. Wal- 
ton) : The annual meeting of the Division was held at Washington, D. C., on May 11-12, 1956. 
30th days were taken up with the reports of the activities of the various committees of the Divi- 
sion during the past year. On the evening of May 11, a dinner meeting was held, followed by 
addresses by Dr. Krauss, Dr. Cannan, and Dr. Weiss on the general topic of what Agriculture 
and Medicine expect from Biology and what Biology expects from each of those two fields in 
return. President Bronk of the N.R.C. closed the meeting with remarks on the opportunities 
offered for cooperation between workers in these 3 areas of activity. Of particular interest 
to our Society was the report of the Committee on Educational Policies in which reference 
was made to the preparation of sourcebooks at both college and secondary school levels and 
outlines for various subject-matter fields, of which Parasitology is one. The Institute of Ani- 
mal Resources is preparing a new edition of the “Handbook of Laboratory Animals.” The 
Screening Committee reported on the awards of 192 Fellowships among some 800 applicants. 
They also reported that a new series of fellowships to encourage teaching was contemplated in 
the near future to be added to the list of awards, which up to now have been granted purely 
for scientific research. It was announced by President Maynard that a study of the problems 
related to various types of retirement policies and the effective utilization of the talents of re- 
tired biologists was to be started in the near future. 

The report was accepted and ordered placed on file. The printed minutes of the 1956 meet- 
ing of the Division are on file with the Secretary. 

4. To the Agricultural Research Institute (C. M. Herman): No report since there had 
been no meeting of the Institute since our Atlanta meeting. 


5. To the Council on Trichinosis (W. H. Wright): No report since there had been no 


meeting of that Council since our Atlanta meeting. 


IV. Reports of Special Committees. 


1. Committee to select a candidate for the office of Secretary of the Society to fill a vacancy 
to occur for 1957 (L. O. Nolf, Chr., P. D. Harwood, N. D. Levine): The committee unani- 
mously recommends the name of Paul E. Thompson to the Council for nomination to serve out 
the unfinished term as Secretary of A.S.P. 

2. Committee on Constitutional Revision (A. O. Foster, Chr., C. G. Huff, M. D. Young 
and the Secretary, ex officio) : The Committee presented a tentative copy of a new Constitution 
for consideration of Council, with a request for suggestions. 

3. Committee on Public Relations (G. F. Otto, Chr., B. H. Kean): The report indicated 
that the Committee had been active in supporting legislation to provide adequate funds for 
Research in the National Institute for Allergy and Infectious Diseases and for its Grants-in-Aid 
Program, and for adequate support for investigations on the control of insect pests and insect 
borne diseases of man and domesticated animals. This activity, coupled with that of other 
groups, induced the Committees on Appropriation of both the House and the Senate to support 
appropriations approximately at the level requested by the Institute, and such a bill was passed. 

The full report was accepted and ordered placed on file. 

4. Committee to select a representative group from the A.S.P. to consult with the Educa- 
tional Policy Committee of the N.R.C. in the field of Parasitology (R. D. Manwell, Chr., D. V. 
Moore, L. R. Penner): The Committee submitted a list of 8 names to the N.R.C. Committee 
for consideration, and the Secretary of the N.R.C. has indicated that activities in the field of 
Parasitology are to be initiated in the late fall of 1956. (Names submitted were as follows: 
Drs. Beaver, Cable, Chandler, Cort, La Rue, McMullen, Stauber, and Wharton). 

5. Committee to formulate parasitological projects to be presented to the Agricultural 
Research Institute (C. M. Herman, Chr., E. R. Becker, R. T. Habermann, P. D. Harwood. 
K. C. Kates): The committee reported on 3 suggested projects, viz: The completion of the 
Index-Catalogue of Medical and Veterinary Zoology, the matter of English translations of 
Russian publications in the field of Parasitology, and the matter of epizootiological surveys 
on livestock parasitism. 

Council accepted the report and ordered it placed on file and instructed our representative 
to the A.R.I. to present such recommended projects to that group for consideration and possible 
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action. 

6. Committee on Cumulative Index for the Journal of Parasitology, Vols. 26 through 40 
(W. S. Bailey): Dr. Bailey reported that the matter of an Index has been presented to the 
A.I.B.S. and that they had started investigation as to possible financial assistance. Indications 
are that the N.S.F. might be interested and A.I.B.S. suggested a formal letter of application 
for assistance be prepared by our group. 

The report was accepted and ordered placed on file and Dr. Bailey instructed to prepare 
such a letter of intent. 

(At this point, 5:15 P.M., Council voted to recess for dinner and to reassemble in the 
same room at 7:15 P.M. for completion of the agenda. Council reconvened at 7:15 P.M.) 


V. Old Business 


1. Constitutional Revision: Inasmuch as the draft of the proposed new Constitution was 
still in a formative stage, no forma! action was taken, but Council favored a continuance of the 
study. 

2. The renewed request for funds for the distribution of Career Booklets in the field of 
3iology as presented by the N.R.C. was respectfully denied in view of the lack of Society funds 
for such outside activities. The Council is, however, heartily in favor of such activity on the 
part of the N.R.C. 

3. According to instructions received at the 1955 meeting, the Secretary has contacted a 
number of sources as to the possibility of bringing another section of the Index Catalogue of 
Medical and Veterinary Zoology up to date in the same manner that the Author section has 
been treated. Reception has been favorable and it has been indicated that funds to support such 
revision have been included in the proposed Federal budget of next year. 


Vi. New Business 


1. Dr. D. V. Moore reported on a study made by himself and Dr. Otto on the possibility 
of a Career Booklet in the field of Parasitology. Inasmuch as the A.I.B.S. is interested in the 
same type of activity, Council suggested that contact with the A.I.B.S. be initiated as to possi- 
ble cooperation between the two groups in the preparation of such a career booklet in the field 
ot Parasitology and Dr. Moore was instructed to make such a contact. 

2. Dr. Moore reported on a request for a Society Placement Bureau which had come 
in from Dr. Glen Hoffman. In view of the fact that our Society, as a member of the A.I.B.S., 
could make use of the Placement Bureau of that organization, and in view of the fact that people 
so registered were recorded under the heading of their specialty fields, Council did not deem it 
necessary to attempt—at least for the present—to set up a separate Society Placement Service. 
3. Dr. Kates presented a list of Russian monographs on Helminths together with a re- 
quest that methods of obtaining English translations be studied by the Council. In view of the 
interest being shown in the matter of translations of Russian works on the part of the A.I.B.S., 
Council voted to present the matter to the A.I.B.S. for consideration. 

4. A request from Dr. Leo Kartman for the possible establishment of an Annual Review 

of Parasitology and Tropical Medicine was discussed and the general consensus seemed to in- 
dicate that the difficulties of obtaining enough willing and able collaborators to maintain a high 
level review, in addition to financial problems, overbalanced possible demand and that the 
Society could not for the present consider starting such a project. 
5. In view of the limited numbers of the Quindex remaining in the files of the Custodian 
of Back Issues, Council voted to withdraw the privilege of purchase of this issue at a reduced 
rate which has been accorded new members for the past several years. A single price shall 
apply to all future sales of the Quindex. 

6. A request from the Library of Congress for a gratis subscription to the Journal of 
Parasitology, including all back volumes, met with the general feeling that meeting such a 
request was financially difficuit, but the request will be met if it can be determined that the 
Library does not subscribe to any of the non-copyrighted scientific journals now on its shelves. 
The Secretary was instructed to ascertain the policy of the Library on such matters and to 
advise Council of his findings. 

7. Elections to Active Membership: Names of 10 applicants were presented and elected 
to active membership, as follows: 

ABADIE, STANLEY H., Dept. Microbiology, Louisiana State University Medical School, 

1542 Tulane Ave., New Orleans 12, Louisiana. 

BEAUDOIN, RICHARD L., Box 392, Vetville 22 C, Notre Dame, Indiana. 
BOGITSH, BURTON J., Dept. Biology, University of Virginia, Charlottesville, Virginia. 
HARMON, WALLACE M., 321 E. San Rafael, Colorado Springs, Colorado. 
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HARRISES, ANTONIO, Biology Department, University of Notre Dame, Notre Dame, 

Indiana. 

HOLLOWAY, HARRY L., Dept. Biology, Roanoke College, Salem, Virginia. 
HUMPHREY, JUDITH M. (Miss), 3434 Stanford Street, W. Hyattsville, Md. 
REINHARD, EDWARD G., Dept. Biology, Catholic University of America, Washington 17, 

D:.. 

SILVA PENIDON, R., Libero Badaro—119, Sao Paulo, Brazil. 
WOOD, IRWIN B., Haverstraw Road, New City, New York. 

8. Nomination of Life Membership: Council voted unanimously to present the name of 
JAMES E. ACKERT (Charter Member, Past President, and an active participant in all of 
the activities of the Society ever since its organization) to the Society as their nominee for 
election to Life Membership. (There are still 2 vacancies on the Life Membership roll of the 
Society. ) 

9. Nominations to elective offices of the Society: The committee of tellers (W. S. Bailey 
and A. McIntosh) reported on the names present on the ballots returned by the membership- 
at-large (only 80 of 879 eligible members returned their ballots), and the Council, sitting as a 
Committee-of-the-Whole, prepared the following slate of nominees for presentation to the 
Society for consideration at the Annual Meeting: 

President: Gilbert F. Otto (President-Elect during 1956) 

President-Elect: Arthur C. Walton (to succeed G. F. Otto) 

Vice-President: Allen McIntosh (to succeed A. O. Foster) 

Treasurer: Robert M. Stabler (2-year term to succeed himself) 

Secretary: Paul E. Thompson (1-year term to fill vacancy ) 

Council Members-at-Large: Aurel O. Foster and Donald V. Moore (2 for 4-year terms 
to succeed A. McIntosh and D. V. Moore) 

10. Elections by Council: Council authorized the following elections to the designated 
offices: Editorial Board: Glen M. Kohls, George R. La Rue, and Clark P. Read (3 for 4-year 
terms to succeed E. E. Byrd, G. R. Coatney, and G. M. Kohls) ; Custodian of the Endowment 
Fund: Norman R. Stoll (re-election for a 3-year term) ; and Custodian of Back Issues: Wil- 
ford S. Bailey (re-election for a 3-year term). 

11. Appointments: The Council authorized the following appointments to the designated 
activities: To the Governing Board of the A.I.B.S.: Arthur C. Walton; Louis J. Olivier, Alter- 
nate (re-appointed for 3-year term) ; To the Division of Biology and Agriculture of the N.R.C.: 
Norman D. Levine; Wilford S. Bailey, Alternate (3-year terms to succeed A. C. Walton) ; 
To the Agricultural Institute of the N.R.C.: Carlton N. Herman (re-appointed for a 3-year 
term) ; and To the National Council on Trichinosis: Willard H. Wright (re-appointed for a 
3-year term). 

12. Committee Appointments: (Annual appointments in the case of Standing Committees). 

a. Visual Education and Instruction: M. S. Ferguson, Chr.; D. V. Moore, J. C. Swartz- 
welder (Committee continued with no change in personnel). 

b. Nomenclature and Terminology: A. McIntosh, Chr.; G. W. Hunter III, F. J. Kru- 
idenier, G. W. Wharton. N. R. Stoll, as a member of the I.C.Z.N., was named an Associate 
of the Committee (Committee continued with no change in personnel). 

c. In Memoriam Committee: Committee continued, but membership not yet named. 

d. Special Committees: (Not on annual basis unless otherwise authorized). 

1. Committee on Constitutional Revision: A. O. Foster, Chr.; C. G., Huff, M. D. Young, 
the 1957 Secretary, and 1 additional member to be named (Committee continued with minor 
changes in personnel). 

2. Committee on Public Relations: Committee continued with personnel to be named. 

3. Committee on Index for Vols. 26-40 of the J.P.: W. S. Bailey, Chr., (Committee 
authorized and 2 additional members to be named). 

4. Committees on Career Booklet and Placement Bureau: Committees authorized and 
personnel to be named later. 

5. Committee on translations of Russian works on Helminthology: K. C. Kates, Chr. 
(Committee authorized and additional personnel to be named). 

6. Auditing Committee: To be appointed at end of fiscal year, November 1, 1956. 

13. Other Council Actions: 

a. Voted to continue Society membership in the A.I.B.S. and separated the position as 
Representative of the Society on the A.I.B.S. Governing Board from an ex officio duty of the 
Secretary. 

b. Voted to separate the position as Representative to the Division of Biology and Agri- 
culture of the N.R.C. from an ex officio duty of the Secretary. 

c. Voted to investigate the possibility of a joint meeting with the American Society of 





FORTY-SIXTH COUNCIL MEETING 251 


Tropical Medicine and Hygiene for 1957. That Society meets in early November, 1957, at 
Philadelphia. (Alternative meeting places would be in early September with the A.I.B.S. at 
Leland Stanford University, or December 26-31 in Indianapolis with the A.A.A.S.) 

d. Voted to authorize the Chairman of the Editorial Committee and the Treasurer cf the 
Society to take appropriate steps to insure the prompt payment of costs charged to authors for 
the printing of articles exceeding the normal allotment permitted. 

The Council voted to adjourn at 10:15 P.M., September 26, 1956. 

Respectfully submitted, 
/S/ Arthur C. Walton, Secretary 


AMERICAN SOCIETY OF PARASITOLOGISTS 
THIRTY-FIRST ANNUAL GENERAL BUSINESS MEETING 
AUGUST 29, 1956 


The General Business Meeting of the Society was called to order by President Cram at 
1:45 P.M., following the annual luncheon held in the R.O.T.C. Hangar of the University of 
Connecticut, Storrs, Connecticut. 

1. Reports of Officers, Custodians, Committees, and Society Representatives were read 
and approved. 

2. A note from Dr. Meleney reported that the Fellowship Program for Teacher Training 
in Medical Parasitology in Costa Rica and in Puerto Rico is functioning effectively. He also 
stated that the China Medical Board had renewed its grant in support of this project, carrying 
through the spring of 1958. Dr. Meleney had reported on this program at both the 1954 and 
the 1955 Annual Meetings. 

3. The names of the 10 individuals elected to Active Membership during the Forty-sixth 
Council Meeting were read. 

4. The names of those designated by vote of Council to hold appointive positions (Officers, 
Representatives, Committee Members) were read. 

5. The slate of nominees as candidates for elective positions in the Society, prepared by 
Council sitting as a Nominating Committee and based on the returns of membership balloting, 
was presented. On motions from the floor, the Secretary was instructed to cast unanimous bal- 
lots for the individuals so named to the various positions. The Secretary so voted and election 
declared in each case. 

6. Council presented the name of James E. Ackert, a Charter Member of the Society, for 
election to Life Membership. The election was unanimous through a rising vote of affirmation 
and appreciation. 

The various resolutions concerning the welfare of the Society, as passed by the Council 
at its Forty-sixth Meeting on August 26, 1956, were read. 

8. Council recommended that negotiations be instituted with the American Society of 
Tropical Medicine and Hygiene as to the possibility of a joint meeting for 1957. The Society 
authorized such negotiations and it can now (November 15, 1956) be reported that an invitation 
to such a joint meeting has been issued by the Council of the A.S.T.M. & H. and has been 
accepted. The meeting will be held within the dates of October 30 to November 2, 1957, at 
Philadelphia, Pennsylvania, with the Benjamin Franklin Hotel as General Headquarters. 

9. Votes of appreciation to the various organizations and individuals concerned with the 
very successful Thirty-first Annual Meeting of the Society were passed and the Secretary was 
instructed to convey such appreciation to the proper parties. 

10. Following suggestions from the floor, the Society voted to send letters of appreciation 
and congratulation to 2 of the Life Members of the Society, Dr. W. A. Riley and Dr. E. E. 
Tyzzer, in recognition of their long service to the Society and in honor of their birthdays. 

11. The Society voted to adjourn at 2:25 P.M. 

Respectfully submitted, 
/S/ Arthur C. Walton, Secretary 
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J. E. Ackert, from Feb. 1942 issue 

Candido M. Africa, from Aug. 1946 issue 

M. B. Abdel-Azim, from Feb. 1953 issue 

E. R. Becker, from Oct. 1953 issue 

Emile Brumpt, from June 1952 issue 

Thomas W. M. Cameron, from April 1950 issue 
Asa C. Chandler, from June 1946 issue 
Nathan Augustus Cobb, from Sept. 1932 issue 
W. W. Cort, from Aug. 1953 issue 

Col. Charles F. Craig, from Feb. 1936 issue 
Eloise B. Cram, from October 1956 issue 
Cooper Curtice, from Dec. 1939 issue 

Samuel Taylor Darling, from March 1926 issue 
H. E. Ewing, from Dec. 1944 issue 

Ernest Carroll Faust, from Feb. 1949 issue 
Otto Fuhrmann, from April 1946 issue 
Friedrich Fiilleborn, from June 1934 issue 
Rudolf W. Glaser, from April 1948 issue 

John E. Guberlet, from April 1941 issue 
Maurice Crowther Hall, from March 1933 issue 
Albert Hassall, from June 1943 issue 

Robert Hegner, from Feb. 1937 issue 

William A. Hoffman, from Aug. 1943 issue 
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logical Abstracts. 
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Thermoregulator contacts 
shielded for safety 


Corrosion-resistant chamber prevents 
seepage of paraffin into contact 
with heating units. 


Magnetic door latches 





Thomas 


1784-A. 


PARAFFIN EMBEDDING OVEN 


Improved model with Monel metal chamber... 


With inner glass door, Monel metal 
chamber, glass wool insulation and 
sheet metal exterior finished in gray 
Hammertone enamel. Heating element, 
woven of Nichrome wire with glass cloth 
insulation, is applied around bottom 
and two sides of chamber to provide 
even distribution of heat. 

Temperature is controlled by an 
adjustable, bimetallic thermoregulator 
with shielded silver contact points. 
Control knob on top of oven allows 
temperature adjustment over range 
from room temperature to 80° C. 

Inner and outer doors have magnetic 
latch and sponge rubber gasket for easy, 
positive closure. Floor of chamber has 
tubulature for draining spillage. Oven 
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More and more laboratories rely on Thomas 


is mounted on four substantial rubber 
feet. 

Operating sensitivity (maximum tem- 
perature variation at location of ther- 
mometer bulb) is +1° C at range 50 
to 60° C. 

Operating uniformity (maximum tem- 
perature variation throughout chamber) 
is +2.0° C at the same range. 


1784-A. Paraffin Embedding Oven, Electric, 
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26 inches high, including thermometer. Complete with 
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thermometer holder, neon pilot lamp, attachment plug 
cap, and operating directions. For use on 115 volts, 
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HE M ATOXYLIN 
the histopathologic “work horse” 


Hematoxylin and techniques for its use alone or in 
combination with counterstains have received many refine- 
ments since their first use almost a century ago. But this 
versatile reagent is still the most-used general tissue stain in 
histologic work, as both a powerful nuclear and a chromatin 
stain, It is second only to Methylene Blue in its broad 
spectrum of use. 

Early output of the natural dye as an ether extract of logwood 
left much to be desired in both uniformity of product and 
supply. American manufacture of a more suitable stain 
involved a long, arduous research program extending from 
1917 until World War II. | 

Nationa!® Hematoxylin is Certified by the Biological Stain 
Commission and meets every requirement of the most 
exacting pathologists, It is regularly specified by leading 
1957 ‘Silver: Aniiiversary -, histopathologic laboratories. 

of the American Society In ordering from your laboratory supply house, request . .,. 
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